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THE ENTOMOLOGICAL SOCIETY OF AMERICA 
NEWS OF THE MOMENT 


RESULT OF MAIL BALLOT TO MEMBERSHIP 


The ballot was sent out to the membership of 955. 592 ballots 
were returned representing a vote of 62%. Both measures were 
carried by a large majority, as follows: 

1. Nathan Banks was elected an Honorary Fellow of the Ento- 
mological Society of America by a vote of 589 to 3. 

2. The annual dues of the Society were raised to $5.00 per annum 
and the non-membership subscription price raised to $6.00; with 
affirmative votes 472, negative votes 112, no vote on this question 8. 

NEW MEMBERS 
The following new members were recommended and nominated for 


membership in the Society from April 30 to October 6. They were 
elected to membership by mail ballot of the Executive Committee. 


BALL, WILLIAM Howarp, 1861 Ingleside Terrace, N. W., Washington 10, D. C. 
Asst. Ent., Div. of Control Investigation, Bureau of Entomology and Plant 
Quarantine. 

BUCHANAN, WILLIAM DwiGHt, 522 Remington Street, Fort Collins, Colorado. 
U. S. Department of Agriculture. 

FAURE, GABRIEL OLALQUIAGA, Dept. Sanidad Vegetal, Casilla 4637, Santiago, 
Chile, South America. 

FONTAINE, RussELL EpGAr, 449 Mill Street, Worcester 2, Massachusetts. Asst. 
Ent., lst Service Command Lab., Jamaica Plain, Mass. 

GELFAND, Capt. HENRY M., 41-13 162nd Street, Flushing, New York. 

Joyce, CHARLES Raymonp, U. S. Public Health Service, Quarantine Station, 
P. O. Box 992, Brownsville, Texas. 

OwsLey, WILLIAM Burr, Kentucky Wesleyan College, Winchester, Kentucky. 
Prof. of Biology. 

Rosinson, JoHN H., P. O. Box 3391, Orlando, Florida. U. S. Department of 
Agriculture. 

West, Fenton, 3401 Auburn Road, Huntington, West Virginia. 
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SOCIETY BUSINESS AND APPOINTMENTS 

Fortieth Annual Meeting, 1945-6—The Executive Committee, 
following the resolution of the business meeting in New York City, 
voted to hold the annual meetings (as of 1945) of the Society in con- 
junction with the AAAS in St. Louis, Missouri, March 27, 28 and 29, 
1946. The North Central States Branch of the American Association 
of Economic Entomologists is holding their annual meeting at the 
same time and place. 


Committee on Biographies.—In June, 1945, President Rehn appointed 
a Committee on Biographies, consisting of Harry B. Weiss, J. S. Wade, 
and E. O. Essig, Chairman. This committee will handle the preparation 
of obituaries and other biographical matters of the Society. 

Secretaries Conference—On October 21, 1945, the Secretary- 
Treasurer attended the Secretaries Conference oi the AAAS and 
affiliated societies. A wide variety of topics regarding the annual 
meetings were discussed. 


National Research Council.—Following the letter of protest sent to 
the National Research Council regarding their failure to include an 
entomologist in their ‘Committee on Insect Control,’”’ we are in receipt 
of a letter from Frank B. Jewett, President, National Academy of 
Sciences, advising us that when the committee was first formed, ‘‘the 
primary problems on which advice was needed were chemical and 
medical. As there was need for haste and as it was not clear just 
how entomology should be represented or by whom, only the nucleus 
of the Committee and various departmental liaison representatives 
were appointed. 

‘‘Since that time Dr. Roger B. Friend, State Entomologist of 
Connecticut, has been made a member of the Committee. While I do 
not have the list of liaison representatives available, it is my recol- 
lection that one of those from the Department of Agriculture is an 
entomologist. 

‘“You and the Executive Committee of the Society may be assured 
that the field of entomology will be fully covered in the operations of 
the Committee and I would appreciate your sending each of them a copy 
of this letter.”’ 

Open Abstract Bulletin—-The Society received a request from the 
Coordination Center of the Insect Control Committee, National 
Research Council, for assistance in augmenting its mailing list of 
entomologists for the Committee’s forthcoming ‘‘Open Abstract 
Bulletin”’ on insect and rodent control. A local committee consisting 
of C. W. Weinman, M. W. Sanderson and W. P. Hayes, Chairman, 
was appointed to obtain this information. The committee’s report 
was forwarded without delay to Mr. B. Stockton, Office Manager of 
the Coordination Center. 

The Open Abstract Bulletin will publish an accumulation of material 
relative to insect and rodent control. This material has been abstracted 
heretofore in secret and restricted bulletins and limited to a restricted 
circulation, which has now been declassified. It is the desire of the 
Coordination Center to send this Bulletin to entomologists and others 
who have a definite interest in insect or rodent control. If you wish 
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your name to be placed on the mailing list for this Bulletin, Mr. Stockton 
requests that you write to the Coordination Center, National Academy 
of Sciences, 2101 Constitution Avenue, N. W., Washington 25, D. C. 


Education.—The Vocational Service Bureau submitted a request 
for information regarding colleges in North America offering courses 
in entomology and inquiring about the standing of each. This letter 
was referred to Dr. Roger C. Smith for reply. Dr. Smith brought up 
the matter which has come up before, namely, the inadequacy of the 
Society’s information regarding the entire educational situation and the 
need for general information of this sort being readily available to 
persons who want it. It is suggested that this subject be brought up 
for discussion at the business meeting at the annual meetings in March. 


CHANGE OF ADDRESS 


In order to keep our files as nearly up to date as possible, will you 
please report to the Secretary any change of address? If you wish 
your Annals to be sent to one address and your other Society mail to 
a second, please state clearly how you want this done. 

We will be publishing a membership list in the next issue and would 
appreciate your cooperation in making sure that this list is as up to date 


as possible. This applies especially to military personnel and members 
recently released from the armed services. 


HERBERT H. Ross, 
Secretary-Treasurer. 


OBITUARIES 

Dr. JOHN BarLow, charter member of the Entomological Society of America, 
died suddenly in the Baptist Hospital at Brookline, Mass., on November 26, 1944, 
where he had gone two days previously for an operation. Doctor Barlow was 
born in Amenia, N. Y., November 28, 1872, and was the son of Henry and Helen 
Cynthia (Benton) Barlow. His early education was received in the schools 
of Hinsdale and Pittsfield, Mass., and from a private tutor. He was graduated 
from Middlebury College (Middlebury), Vt., in 1895 with the degree of B.S. 
From Brown University in 1896 he received his M.A., which university awarded 
him the honorary D.Sc. in 1932. In 1948, at the Fiftieth Commencement of 
Rhode Island State College, he was awarded a similar honorary degree. 

In 1897 he worked for a brief period at the Rhode Island State College as an 
assistant in biology. From 1898 to 1902 he was Professor of Zoology at Fairmount 
College (now Wichita University), in Wichita, Kansas. He returned to the 
Rhode Island State College in 1902 as Professor of Zoology where he remained 
until his retirement in 1942. In addition to his teaching he was appointed dean 
of the State College School of Science and Business in 1925 and five years later 
was named dean of men. He also served as Vice-President in 1930, Acting Presi- 
dent, 1930-1931, and again in 1940-1941. 

Doctor Barlow also took part in the civic affairs of the community. He 
served six terms on the Rhode Island Bird Commission; for a time he was president 
of the South Kingston Town Council on which he served for five years; for many 
years he was treasurer of the Village Improvement Association of Kingston. And 
he also served on such faculty committees as student activities, tax, athletic and 
social. During the course of his teaching, he conducted special studies on spiders 
and the Corrodentia and developed the college’s library of histological slides. 
In addition to his membership in the Entomological Society of America, he was a 
fellow of the A.A.A.S., a member of the Rhode Island Institute of Instruction, and 
several fraternities and lodges. 
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During his long association with the Rhode Island State College he was highly 
regarded, by the faculty, in the classroom and laboratory, during his various 
administrative offices and in his position as a friend and counselor to the students. 
He was buried November 29, 1944, in Old Fernwood Cemetery, West Kingston, 
R. I.—Harry B. WEIss. 


Miss EpitH WEBSTER MANK, who joined the Entomological Society of America 
in 1922 and who became a life member in 1931, died at her home, 12 Reservoir 
Street, Lawrence, Massachusetts, on July 17, 1945. Born in New Gloucester, 
Maine, September 20, 1892, her parents being the Rev. Herbert G. Mank and 
Georgianna Mank, Miss Mank, except for her childhood years, lived all her life 
in Lawrence, where she taught biology in the Lawrence High School. Graduating 
with honors from Mt. Holyoke College in 1913, Miss Mank took her Master's 
degree at Cornell in 1923, specializing in entomology. She early became inter- 
ested in systematic work in the Coleoptera, and in addition to her teaching and 
collecting activities, described one new genus and eight new species. Her work 
on beetles received much friendly help and encouragement from the late Dr. 
H. C. Fall, and specimens for study, and suggestions resulted from her corre- 
spondence with such entomologists as the late Charles W. Leng, Ralph Hopping, 
J. B. Wallis, H. B. Leech, R. E. Snodgrass, P. J. Darlington, Jr., G. Chagnon, 
N. M. Comeau, C. A. Frost, Henry Dietrich, and others. 

Within recent years, Miss Mank had specialized on the Melandryidae and 
was reviewing this family, giving special attention to the male genitalia, when 
her final illness occurred. Always an enthusiastic and popular teacher, Miss 
Mank had the satisfaction of seeing many of her former students follow biology as 
their life work. 

In addition to her membership in this Society, Miss Mank was a member of 
Phi Beta Kappa and of the American Association for the Advancement of 
Science. Her collection of 5,500 species of North American Coleoptera involving 
over 17,000 specimens and 3,800 exotic species involving over 4,000 specimens 
was willed to Cornell University and is now at the University Museum. Miss 
Mank was the author of the following papers: 

1934. New Species of Orobanus. Pan-Pacific Ent., - (3): 121-124. 

1937. A Note on Two Species of American Xylitas. Can. Ent., 69: 18-19. 

1938. A Revision of the Genus Zilora. Psyche, 45 Q 3): 101-104. 

1939. Scotochroa and a — Allied New Genus, Scotochroides (Coleoptera, 
Melandryidae). Can. Ent., 71: 181-183. 

1939. A Review of the Genus Serropalpus, (Coleoptera, Melandryidae). Can. 
Ent., 71: 237-239. 

1940. A New Species of Haliplus. Psyche, 47 (2-3): 57-59. 

1942. A Review of the Genus Anelpistus Horn (Coleoptera, Melandryidae). 
74: 186-193. 

H. B. WEIss. 

Dr. JOHN DinwippiE MapLe, Lieutenant Senior Grade, U. S. Naval Reserve, 
was killed April 11th in an airplane crash on the beaches of Okinawa, reportedly 
while supervising the application of DDT to the terrain ahead of assault troops. 

Prior to accepting a commission in the Navy, Dr. Maple was stationed at 
Orlando, Florida, where he was in charge of the laboratory testing of anopheline 
larvicides for the United States Bureau of Entomology and Plant Quarantine. 
In this capacity he was one of the first to test DDT for mosquito control. 

After several months on Guadalcanal and other South Pacific islands, he was 

sent to Honolulu to assist in the organization and coordination of malarial control 
in the various services. Dr. Maple’s primary interest, however, was in insect 
biology. His thesis submitted in 1934 for the degree of Master of Science at the 
University of California was entitled ‘Biology of the genus Leucopis (Diptera). 
In 1940 he received the degree of Doctor of Philosophy at the University of C ali- 
fornia, submitting a dissertation entitled ‘‘The Eggs and First Instar Larvae of 
Encyrtidae and their Morphological Adaptations for Respiration.'’ Both theses 
are exemplary. 

While gathering material for his Doctor’s thesis, Dr. Maple collected a 
number of new species of mealybugs and perfected a method for preparing them 
for slide mounts which Professor G. F. Ferris considered to be unsurpassed. 

In 1938 Dr. Maple was employed by the Department of Entomology and Plant 
Quarantine to study the biology of insect parasites in the Orient with the view 
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to their ultimate utilization in the United States. During December, 1941, he was 
interned by the Japanese Government. In June, 1942, he was repatriated in an 
exchange of prisoners. 

Dr. Maple was born at Whittier, California, in 1910, and graduated from 
Pomona College in 1932. He was a member of Alpha Sigma Phi and Sigma Xi, 
Entomological Society of America, and the American Association for the Advance- 
ment of Science. 

He is survived by his parents, Mr. and Mrs. Amos C. Maple; a grandmother, 
Mrs. J. H. Newlin; and four sisters, Mrs. Bewley Allen of Whittier, Miss Margaret 
Maple of Claremont, Mrs. Mason Hill of Bakersfield, and Mrs. Edward H. 
Kroeger of Whittier. 

The Entomological Society of America is honored in having had as a member 
a scientist of such high purpose and integrity. Dr. Maple was a militant idealist 
and an exponent of accuracy and thoroughness, and yet he possessed a lovable 
and charming personality. His attitude toward the war was influenced by his 
Quaker forebears. His military life, however, was so personally beneficial that 
he could write to his parents that he was giving ‘‘service without sacrifice."’ 

Dr. Maple was posthumously awarded the Bronze Star Medal through his 
parents, Mr. and Mrs. A. C. Maple. The citation accompanying this medal is for 
outstanding professional ability and sound judgment in the fulfillment of duty. 

—S. E. FLANDERs. 


RaLpH HENRY SMITH was born on a farm at Kincaid, Anderson County, Kansas, 
June 7, 1888. He died at his home, 1634 Greenfield Avenue, Los Angeles, Cali- 
fornia, early Saturday morning, September 22, 1945. His parents were pioneer 
farmers and he lived the usual rigorous life common to his times on the mid-western 
farm. He attended the country schools in Kincaid and spent two years at the 
Garnett High School, after which he took the county examination for teachers, 
which he passed, and taught two terms in a country school before he was twenty 
years old. In 1908 he entered Kansas State Teachers’ College at Emporia, where 
he graduated in 1914. He taught for one year in the high school at Blue Rapids, 
Kansas, and was Superintendent of Schools in Irving, Kansas, for the next two 
years. In 1915 he entered the University of Kansas and received the A.B. degree 
in the spring of 1916. In July of that year he received a teaching fellowship at the 
Oregon State College at Corvallis. In 1917 he entered the University of California 
at Berkeley where he was a teaching fellow in Zoology and received his M.A. 
degree there in May, 1918. He was immediately sent by the Federal Government 
to take charge of a war emergency project on the control of clover aphis at Twin 
Falls, Idaho. At the end of the war, the Idaho Agricultural Experiment Station 
took over the work and established a sub-station at Twin Falls with Mr. Smith 
in charge. In 1922 he went to San Francisco and, while working as research 
entomologist for the California Central Creameries, developed the casein spreader 
now so widely used in sprays. During the two years he worked on that project 
he continued the codling moth investigation and visited practically every state 
and all the important apple growing districts in the United States. In the fall of 
1924 he reentered the University of California at Berkeley, completing the work 
on his Ph.D. in the spring of 1925. 

He then accepted a position as Acting Assistant Professor in the Entomology 
Department at Stanford University during the fall and winter term of 1925-26. 
In March of 1926 he received an appointment as Assistant Entomologist in the 
University of California Citrus Experiment Station at Riverside and began work 
on oil sprays. During the ten years he spent at Riverside he developed and 
perfected the tank mix oil spray, which has been used the world over. He was 
promoted to Associate Entomologist in 1927 and to Entomologist in 1931. He 
was also given the additional title of Lecturer in Entomology and Entomologist 
in the Experiment Station when transferred to the University of California at 
Los Angeles in 1936 where he was in charge of the entomological work on that 
Campus which was under the general supervision of Prof. H. J. Quayle and sub- 
sequently Dr. A. M. Boyce of the Division of Entomology, Citrus Experiment 
Station at Riverside. In 1937 he was advanced to Professor of Entomology. 
While at Riverside, he served on the City Board of Education and was particularly 
active in the development of better school facilities in that city. 

Since that time he has investigated the insects affecting ornamental plants 
and devised means for their control. 
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During the past few years he made outstanding contributions in studies of the 
life history and control of the sycamore scale, Stomacoccus plantani Ferris and 
the nigra scale, Satssetia nigra (Nietner). His surveys of the insects attacking 
flowering and greenhouse plants were very thoroughly and carefully made and 
his notes are of great value. He was also very much interested in plant-infesting 
mites and made extensive collections of these pests throughout the West. 

In January, 1933, he was invited by the Citrus Growers of Texas to visit the 
Lower Rio Grande Valley and to advise them concerning especially the use of oil 
sprays for controlling red scale in that region. 

At the time of his death he was conducting extensive experiments on the 
uses of the new insecticide, DDT, in the control of insect pests of ornamental 
plants. He was also preparing manuscripts for two books: one ‘‘The Insect Pests 
of Ornamental Plants in the United States’’ and the other, ‘‘The History of Oil 
Sprays.”’ 

Dr. Smith published very many articles in journals, bulletins, circulars, and 
agricultural papers, all of which have constituted worthy contributions to science. 
In 1914, at Bonne Terre, Missouri, he was married to Sarah Fake, a fellow school 
teacher of Irving, Kansas, who survives him, along with four sons: Norman, 
Hamilton, Gordon, and Stanford. His mother, two brothers, and three sisters, 
all of whom live in Kansas and Oklahoma, also survive him. 

Although he was never a very strong man, yet his ambitions and determination 
drove him to great heights of endeavor and he accomplished unbelievable results 
in many walks of life. His splendid character, high ideals, absolute honesty, and 
friendliness made him a man of great worth in his home life, in society, and in his 
profession.—E. O. Essic. 


We regret to report also that the Society has lost by death three 
other members, Peter C. Grassman, William T. Davis, and Theodore 
H. Frison. Obituary notices of these are in process of preparation. 

THE COMMITTEE ON BIOGRAPHIES. 
H. B. WEIss, 
J. S. WADE, 
E. O. Essic, Chairman. 


PREDOCTORAL FELLOWSHIPS IN THE NATURAL SCIENCES 


The National Research Council announces that it is now ready to receive 
nominations and applications for the predoctoral fellowships in the natural (i. e., 
mathematical, physical, and biological) sciences which it is administering under a 
grant from the Rockefeller Foundation. These fellowships are intended to assist 
young men and women, whose graduate study has been prevented or interrupted 
by the war, to complete their work for the doctorate. It is hoped that these 
fellowships will do much to accelerate the recovery of the scientific vigor and 
competence of the country which is so seriously threatened by the loss of almost 
two graduate school generations of scientifically trained men and women. 

The annual stipend will be $1200 for single persons and $1800 for married men. 
In general it is expected that each recipient will spend at least eleven months 
per year on academic work. An additional allowance up to $500 per year will be 
made for tuition and fees. Fellowships granted to individuals who are eligible 
for educational support from the ‘‘G. I. Bill of Rights’’ will be at such stipends 
as to bring the total income from these two sources to that which would be 
received at the above rates. 

Prospective candidates for these fellowships are urged to apply at once even 
though they may be unable to undertake their graduate study in the immediate 
future. Information concerning these fellowships and Nomination-Application 
blanks are being mailed out widely to graduate schools and wartime research 
laboratories. They may also be obtained by writing directly to the Secretary, 
Committee on Predoctoral Fellowships, National Research Council, 2101 Constitu- 
tion Avenue N. W., Washington 25, D. C. 





DIMORPHISM IN THE AFRICAN OECOPHYLLA WORKER 
AND AN ANOMALY (HYM.: FORMICIDAE) 


NEAL A. WEBER 
University of North Dakota 
Grand Forks, North Dakota 


The genus Oecophylla comprises the species of ants whose larvae pro- 
duce silk and are used by the workers as shuttles in weaving their 
nests (fig. 1). Two species are recognized, longinoda (Latreille) of the 
Ethiopian Region and smaragdina (Fabricius) of the Indomalayan and 
Papuan Regions. Each has several described varieties and subspecies. 
The worker is formally characterized as slightly polymorphic. 

While examining workers of a nest which I had collected in the 
Anglo-Egyptian Sudan I was impressed by their variation in size and 
had measured one hundred workers taken at random from each of three 
colonies (ngs. 7-8). Two measurements were made of each, the total 
length, which is difficult to make precisely because of the variability in 
extension of the gastric segments, etc., and the thoracic length. Inas- 
much as the coefficient of correlation between the body length and the 
thorax length was +.90, only the body length was used for the graphs 
since graphs of thorax lengths were essentially duplicates. 

The results of the measurements indicated a surprising dimorphism 
which has gone completely unrecognized and suggest that other ants 
which are ‘“‘polymorphic” may prove to fall into several castes when 
examined statistically. The physiologic implications are significant. 
When the extremes of workers are obvious, as in the maxima and 
minima Atta, the réle of each is similarly obvious. Perhaps there is a 
similar division of labor in Oecophylla, the smaller workers caring for 
the brood, the larger workers holding leaves together in nest making, 
defending the nest, etc. 

The African species nests in trees and is polydomous. A tree with 
a large colony may be completely dominated by the ants, which are 
aggressive and swarm over an intruder, biting viciously. The African 
species and its forms were described and the literature summarized by 
Wheeler (1922). While known from numerous localities in tropical 
Africa, there were no records from the Anglo-Egyptian Sudan in this 
study or in later papers on the African fauna. Sudan records were 
briefly summarized recently (Weber, 1943) and, with other unpublished 
records, are given below: 

At Kagelu, Equatoria, A.-E. Sudan, the late Dr. J. G. Myers took 
them March, 1939 (Nos. 10593, 10601, 10628) and I took them July 17 
and August 12, 1939. I found them in gallery forest running on vines 
at four feet above the ground, tending coccids on leaves, and nesting at 
a height of six feet. Two leaves of a vine were closed with silk and on 
the upper surface of one leaf the ants were tending coccids. The ant 
brood was inside the leaves. 

At Torit, Equatoria, A.-E. Sudan I found them nesting abundantly 
on mango trees July 21 and August 6, 1939. They were examined on 
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the later date. One mango, then in flower, had scattered nests over 
the entire crown and the ants clearly dominated the tree. Their bite 
was perceptible and their swarming aggressiveness made investigation 
difficult. In one nest an alate female, pieces of a bee, a grasshopper, 
a dipteran, ponerine ants and a larval myrmecophile were found. In 
addition to the anomaly described below there were 505 workers (305 
maxima, 200 minima) and 70 larvae. 

Another mango was the next in a row of trees and was 92 feet away. 
It was also controlled by the ants. Several nests at a height of seven 
feet were removed but contained only workers. 218 workers were 
collected (167 maxima, 51 minima). It appeared that when these nests 
naturally age, dry, and wither the ants abandon them. They then 
move to adjacent green leaves and make nests but when the sites on an 
entire branch are exhausted the colony moves away. As they appear 
to start from the proximal portion of a branch and move distally they 
eventually find themselves out on a barren limb. Evidence for this was 
the fact that proximal nests were abandoned, distal ones still green. 
A fresh green nest contained a number of males, an adult fly and a dip- 
terous larva 12 mm. x 3.5 mm. when freshly chloroformed. There were 
no remains of food and no brood. Another nest from the same mango 
contained alate females, 50 larvae, 556 workers (298 maxima, 258 
minima) and parts of a medium-sized beetle. 

In life the workers would run to the typical longinoda in Wheeler’s 
key (1922). The mandibles were of the same ferruginous color as the 
head, thorax and pedicel. The gaster, however, was distinctly a paler 
ferruginous. After being chloroformed for three hours the gaster 
became darker than the rest of the body and became distinctly ringed, 
the distal portion of each segment being paler than the remainder. 
After six years the dried workers are largely pale ferruginous and con- 
colorous with the dorsal surface of the trunk slightly darker than the 
remainder of the body. The color is essentially like that of Accra, 
Gold Coast and Mafia I., Tanganyika specimens. According to the 


EXPLANATION OF PLATE I 

Fic. 1. Nest of Oecophylia longinoda of mango leaves. Leaves fastened 
together with silk fibers from the ant larvae. Single entrance below. Torit, 
Equatoria, Anglo-Egyptian Sudan (N. A. W.). 

Fic. 2. Dorsal view of maxima worker showing normal thorax and petiole. 
Body length 8.0 mm., thorax 2.35 mm. From colony in mango tree, Torit, Sudan. 

Fic. 3. Dorsal view of anomalous maxima worker from same colony as worker 
in Fig. 2 showing petiole fused to thorax and compression of segments. Thorax 
with petiole 2.99 mm. 

Fic. 4. Lateral view of maxima worker of Fig. 2 showing manner of measur- 
ing thorax length by arrows and habitus of normal thorax and petiole. 

Fic. 5. Lateral view of anomalous maxima worker of Fig. 3. 

Fic. 6. Lateral view of minima worker from colony of Figs. 2-5. Body 
length 4.5 mm., thorax 1.25 mm. 

Fic. 7. Graph showing frequency distribution of body lengths of 100 ants 
from each of three colonies from mango trees at Torit, Sudan, including the col- 
ony from which came the ants of Figs. 2-6. 


Fic. 8. Graph showing frequency distribution of the body lengths of the 300 
ants from the three colonies of Fig. 7. 
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key the typical form is found in West Africa while a new variety, 
annectens, was created for the darker workers from Belgian Congo 
localities close to my Sudan places. As the color may differ slightly 
according to preservation conditions, varieties based upon this char- 
acter may not always be valid. There do, however, appear to be much 
darker forms (rubriceps Forel and fusca Emery), black or nearly black, 
which are found in West Africa. 

Mr. D. Vesey-Fitzgerald sent me workers, supposedly belonging to 
the variety tfextor Santschi, from Tchole I., collected in July, 1936, and 
from Mafia I., both off the coast of Tanganyika. He reported it 
abundant on Mafia, making nests in trees, consisting of leaves spun 
together with silk, and to be a common attendant of coccids. In 
Zanzibar he stated it to be a menace, biting viciously and interfering 
with the clove pickers when they climb the trees. 

So many of the Sudan ants were measured as to modify somewhat 
and make more complete the published sizes for the sexes, and in 
addition to make possible a characterization of worker maxima and 
minima castes for the first time. They may be summarized as follows: 


Female.—Total length 15.5 mm. (14.5-16.5 mm.); thorax 5.3 mm. 
(5.0-5.5 mm.); anterior wing 15.0 mm. 


Male.—Total length 6.5 mm. (6.0-7.0 mm.); thorax 2.76 mm. 
(2.64-2.79 mm.); anterior wing 6.8 mm. 

Maxima worker.—(figs. 2, 4). Total length 6.5-9.4 mm. (average 
7.8 mm.) thorax 2.2-3.1 mm. (average 2.6 mm.). Head convex behind, 
antennal scapes clavate distally and much more elongate than in min- 
ima, funicular segments 1-4 and terminal segment also more elongate; 
thorax more slender and anteriorly less convex than in minima, meso- 
epinotal impression deeper and longer than in minima, epinotum more 
convex than in minima; petiole more elongate and with less marked 
node than in minima. 


Minima worker.—(fig. 6). Total length 4.0-6.4 mm. (average 4.8 
mm.), thorax 1.24-2.1 mm. (average 1.5 mm.). Head less convex 
behind and body generally more compressed than in maxima. The 
petiole is dorsally grooved by a longitudinal furrow as in the maxima 
but this is so much deeper as to make the node bituberculate above. 

The anomaly figured (figs. 3, 5) came from one of the Torit, Sudan 
nests. It is a worker whose petiole was telescoped into the epinotum, 
both being anterior abdominal segments primitively. This condition, 
of course, must have arisen in the pupal or an earlier stage. Since it 
had attained full adult coloration the ant had been able to live in this 
condition. I have a similar anomaly in a worker of Myrmica brevinoais 
Emery from Montana. 
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THE NESTS AND THE ADULTS OF COLONIES 
OF POLISTES WASPS 


PHIL RAU, 
Kirkwood, Mo. 


POLISTES PALLIPES AND POLISTES VARIATUS: 
A COMPARATIVE STUDY OF NEST SIZE 


The variation in the size of the nests of each species of Polistes 
wasps may be attributed to several factors. Among them is an early 
or late start in the spring by a foundress queen, the founding of the 
nest by one or by several queens who work cooperatively, the condi- 
tions of weather, such as amounts of sunshine or gloom, wetness or 
dryness, cold or warmth, the abundance of nectar-bearing flowers, as 
well as the abundance of caterpillar meat. But above all the size of 
the nest is influenced to a great extent by the temperament of the 
foundresses, who may be brilliant or stupid, lazy or industrious. 

In observing the nests of the two species, both occupying the same 
habitat, I have long suspected that those of variatus are generally larger 
in size than those of pallipes. I suggested, therefore, that the nest size 
should be considered (among other items) a valid character in puzzling 
out the taxonomic status of the difficult genus Polistes.' Since colonies 
of pallipes and variatus are founded by a single queen and are contem- 
poraneous in this locality, it is quite likely that differences which we 
may find in nest size can be attributed to the specific temperaments of 
the foundresses of each species. 

By collecting the nests of both species from one or another locality 
in Missouri close together in periods of time, I have been able to study 
the cells in the nests, and tabulate the result. 

The table shows the progressive growth of the nests for both species 
throughout the summer, and by glancing at it, one may get a picture 
of the industry of both species from time to time. 

The table shows for both species the time when, and the place where 
the nests were collected, the number of nests taken, the number of cells 
in the nests, and finally the average number of cells. There is no rela- 
tionship, however, between this count and the nest population, for in 
the nests all cells were counted, even those that did not, or probably 
could not, because of the lateness of the season, give forth adults, and 
the number of cells that were used more than once for brood were not 
considered at all. The figures are merely an index of the industry of 
the colony in nest construction. 

By comparing the two columns of averages in the table, one may 
quickly see how progressively the nests of variatus are always a little 
larger than those of pallipes. Variatus throughout the season always 
keeps a little ahead of pallipes. Both species commence their colonies 
at about the same time in the spring, under identical conditions of 
weather, shelter and food, but evidently the variatus queen works 


See my paper, ‘‘The Nesting Habits of Polistes Wasps as a Factor in 
Taxonomy.’’ Ann. Ent. Soc. Amer. 35: 335-338, 1942. 


11 





12 Annals Entomological Society of America |Vol. XX XIX, 


harder or faster than pallipes, brings her first brood of helpers to 
maturity a little earlier, gains in the race throughout the summer, and 
finally toward the end of the season (compare the last three entries in 
the table for pallipes with the last two for variatus), is ahead of pallipes 
by an average of over 50 cells per nest. 

The nests of pallipes and variatus are never so large as those of 
annularis and rubigenosis found hereabouts, but the latter two are 
usually founded co-operatively by several queens. The largest nest of 
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| Total no. of nests.. 41 
| 


Total no. of nests. .102 


pallipes recorded in the table had 133 cells, and that of variatus had 158. 
Toward the end of the season of 1940 I made a special effort to find 
large nests of pallipes. I found only three that contained more cells 
than those listed in the table, and these had 135, 179, and 223 cells 
respectively. This is an indication of how large pallipes nests may get 
in this locality. 

To conclude then, it seems that the nest size of these two species of 
Polistes wasps should be regarded to some extent as due to differences 
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in temperament of the two species since the conditions under which they 
live and labor are essentially the same. 

All of the more or less intangible items of behavior, such as the one 
described in the preceding paragraphs, should, I think, be recognized 
by taxonomists, along with the more patent characteristics, when con- 
sidering the problems of classification in Polistes. These wasps are 
difficult for the student of taxonomy, and this suggestion may only add 
to his worries. I, for my part, however, am only too happy to meet 
and greet pallipes and variatus as two distinct species, but, after all, I 
am not a taxonomist. 


THE SEQUENCE OF THE SEXES IN POLISTES COLONIES, 
WITH REMARKS ON THE CONTROL OF SEX 


The queens of certain social Hymenoptera, as is well known, have 
the power to lay fertile or infertile eggs; the fertile eggs eventually 
developing into workers or neuters, and the infertile ones into males. 
This is the notion that biology students have had of the process for a 
long time, but recently Verlaine (Biol. Abstracts 6: 620, 1932) has taken 
exception to this attitude. He is of the opinion that in bees, bumble- 
bees, wasps and ants, the queens deposit only fertile eggs, and the 
workers deposit only infertile eggs. Verlaine apparently supplies 
experimental data in support of his views, but in regard to Polistes he 
is somewhat vague. I thought possibly a study of the sequence of 
emergence and the dates when the males first appear would give us 
some clew at least, to whether or not foundress queens are able to 
deposit both kinds of eggs. 

Nests of Polistes pallipes and P. variatus, with immature wasps, 
were taken at various places in Missouri, brought into the laboratory, 
placed separately in cages, and a record kept of the sex of the first 
emerging adults. 


Polistes pallipes 


In Table I we have the emergence of the first pallipes from seven 
nests, taken at Bourbon, Missouri. 














TABLE I 
| | 
Ist WORKERS Ist MALES 
Nest No. of Adults EMERGED EMERGED 
No. | on Nest 
Date No. | Date No 
June 


queen.... | 16 to 26 | 10 
“ | 11tol6 | 8 

| lltol6§ | 8 
| 17 to 20 3 
| 17 to 20 3 
| 16 to 20 4 
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| 12 to 20 
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The seven nests, taken May 30, 1939, gave forth the first brood of 
adults, 40 in number, between June 11 and June 26; all of which proved 
to be workers. There was not a male among them, and it is quite 
evident that the first forty eggs deposited by the seven founding queens 
were all, as one would expect, fertile eggs. There was only one adult on 
each nest when it was taken and it was the foundress queen. 

Table II is on a collection of 14 pallipes nests taken at Robertsville, 
Missouri, about 27 days later. 























TABLE II 
No. oF WORKERS No. or MALES 
NEsT No. or ADULTS THAT EMERGED IN THAT EMERGED IN 
No. ON NEST LABORATORY LABORATORY 
Q J Date No. Date No. 
s 3 0 6/28 to 6/29 s 4 0 
9 Tina aire etn externa 7/5 I | 7/5and 15 2 
10 3 0 6/28 to 6/30 3 0 
ll 6 0 6/27 to 7/9 .-] 0 
12 5 0 6/28 to 7/8 8 0 
13 4 0 6/26 to 7/9 5 0 
14 3 0 6/27 to 6/29 3 0 
56 | 2 0 6/26 to 7/13 12 | 0 
16 5 0 6/26 to 6/28 2 0 
17 4 0 bar ae ge oe 7 
18 2 0 6/26 to 6/29 4 0 
19 | 1 0 6/26 to 6/28 5 0 
20 4 0 6/26 to 7/9 8 | 0 
21 7 0 6/28 to 7/9 5 0 
| = . | | 
Total | 52 | O | | 67 2 
| | 











When the nests were taken June 25, several adults were on each 
nest. These were evidently members of the first brood, and consisted 
entirely of workers except for the one queen (which, incidentally, was 
indistinguishable from the workers) on each nest. There was not a 
male among the 52 wasps on these 14 nests. 

In the laboratory, from these 14 nests there emerged 69 wasps 
between June 26 and July 15, of which 67 were workers and 2 were 
males. 

We have for a long time known that foundress queens deposit fertile 
worker-producing eggs, and we thought we have also known that they 
are capable of laying parthenogenetic male-producing eggs later in the 
season. Since Verlaine says that the queen is incapable of depositing 
infertile eggs, our job is to discover if this is true of our local Polistes. 
Therefore, the dates July 5 and July 15, when the very first two males 
appeared in one colony, is indeed important. Were these two males 
the offspring of the foundress herself or of the workers? The males 
appeared in point of time so near the border line, that one will need to 
do some close figuring to ascertain if they are the progeny of one or 
the other. 


— 
ett A tC LC LL LT 
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To begin our calculations, we will have to fix the earliest day for 
the founding of the colonies. This is about the middle of April (Bull. 
Brook Ent. Soc. 33: 232, 1938), and in the spring it requires about 
45 days from the deposition of the eggs to the emergence of the adult. 
Therefore, at least one of the two males could not possibly be the 
product of the first brood of workers, but must have been deposited by 
the queen. The workers, whom Verlaine thinks are solely responsible 
for the males, could not have come upon the scene before 45 days from 
the middle of April, which is about June 1. Taking for granted the 
possibility that the workers deposited these infertile eggs, and assuming 
that as the season advanced the period of development was shortened 
to say, 40 days, the males could not possibly have become adult before 
July 10 to 15. Therefore, we must assume that at least one of the two 
eggs (and quite possibly both) which developed into males, was depos- 
ited by the foundress queen. Nowhere else do we find males appear- 
ing (see Tables III and IV) before July 15, and it is quite possible that 
all males appearing on or before July 15 are the product of the queens. 

Analogous evidence substantiates this deduction, for Plath (Biol. 
Bull. 45: 325-332, 1923) found that in a bumblebee nest, Bombus 
bimaculatus, the first adult. to develop from eggs deposited by the 
queen was a male, and the eleven which followed were also males. He 
thinks that the queen evidently had not been fertilized during the pre- 
ceding autumn, for in another queen of the same species at the same 
time the first brood were all workers. 

Taple III is the same data for 9 nests of pallipes gathered at Byrnes- 
ville, Missouri, at a still later date, July 2, 1939. 

















TABLE III 
No. or WORKERS No. or MALEs 
NEst No. or ADULTS TO EMERGE IN TO EMERGE IN 
No. ON NEST LABORATORY | LABORATORY 
| 
| 
9 a Date No. Date No. 
22 A count in this lot 7/9 1 0 
23 was omitted. 7/5 | 1 0 
24 7/9 l 0 
25 7/5 l 0 
26 7/5to 7/7 2 | 0 
27 7/4 to 7/9 | 3 0 
28 7/4 to 7/6 2 0 
29 | 7/4 to 7/22 6 0 
30 7/6 to 7/18 6 | oO 
1 | | saa | 
Total 23 





Here 23 wasps emerged from 9 nests between July 4 and July 22, 
and not a male was among them. 
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Table IV is the same data for 17 nests of pallipes taken at Wentzville, 
Missouri, a week later—July 9, 1939. 


TABLE IV 














oe ne No. OF WORKERS No. OF MALES 
Nest | — somes TO EMERGE IN TO EMERGE IN 
"Wo oe LABORATORY LABORATORY 

9 o Date | No. Date | No. 
31 6 0 7/23 1 | 0 
32 6 0 | 7/15 to 7/19 | 3 a poll 
33 6 Ds, aan tenet alone ss ou ‘ ; 
34 3 0 7/15 to 7/18 3 0 
35 2 0 7/13 to 7/16 | 3 0 
36 3 0 7/15 to 7/18 | 5 7/22 to 7/27 | 5 
37 2 0 7/18to7/20 | 4 , 
38 3 0 7/18 to 7/23 | 3 7/23 | ] 
39 2 0 can oe a 7/15 } 1 
40 6 0 7/12 to 7/18 | 8 7/15 to 7/19 | 5 
41 5 0 7/10 to 7/18 5 0 
42 3 0 7/18 to 7/24 7 0 
43 , 7/22 2 0 
a4 5 0 7/19 to 7/22 2 0 
45 3 0 7/20 to 7/22 4 0 
46 4 0 7/15 to 7/23 12 7/20 to 7/26 5 
47 7/19 to 7/23 6 7/20 to 7/25 | S 
Total 59 0 68 |} 25 


Here we note again that no males were found on the 17 nests when 
they were taken on July 9, but the workers on the nests numbered 59. 
In this table, however, the males are beginning to appear, for in the 
laboratory there emerged from the nests 68 workers and 25 males. No 
male, however, appeared before July 15 and it is still quite probable 
that these first males are the progeny of foundress queens, rather than 
of the workers. 

Table V gives us similar data on a collection of 11 pallipes nests 
taken at Rosetti, Missouri, at still a more advanced date, July 28, 1939. 

TABLE V 


nie "No. or WORKERS | “No. oF MALES. : 














— No. OF ADULTS TO EMERGE IN TO EMERGE IN 
‘No on NEst LABORATORY LABORATORY 

g a Date | No. Date No. 
48 5 2 8/30 to 9/2 | 2 7/28 to 9/2 7 
49 5 0 7/29 | 1 | 7/29 > 
50 | 7 3 7/28 to 7/30 | 5 is —, 0 
51 8 4 Sexe me ( 7/28 to 8/10 | 5 
52 § Me Svacwss Sule CREE EES 
53 13 rn. eer 0 8/5 to 8/8 3 
54 9 16 Pe Reale ears 0 | 8/5 to 8/20 5 
55 6 2 8/5 to 8/12) | 2 8/10 to 8/20 3 
56 wirlics ante Sk fag 8/7 to 8/13} 4 8/4 to 8/8 3 
57 8/4 to 8/12 | 10 8/6 to 8/16 4 
58 Piehereates muita ee 0 8/10 to 8/13 2 
Total 61 51 24 33 


~ 





1946] Rau: Polistes Wasps 17 


Here, on July 28, (see table), I found males in the colonies for the 
first time that year, and they were almost equal in number to the 
workers (61 workers and 51 males). In the lot that emerged from the 
nests in the laboratory, the males also predominated (24 workers and 
33 males). The males emerged from the cells between July 28 and 
August 20, and the large number of males on the nests at that time, 
plus those which hatched in the laboratory, would of course indicate, 
but not prove, that the workers had had a generous hand in male 
production, since it is not likely that foundresses would possess such 
fecundity. But to know the proportion of males produced by both 
the queens and the neuters, one would need to dissect and study the 
ovaries of both at various periods during the summer. This would, of 
course, tell us something about the fecundity of the neuters and queens, 
and give us a clew to which caste which is responsible, and to what 
extent, for the male population. 

Table VI is similar data on a collection of 31 pallipes nests taken 
at Crocker, Missouri, at the end of the season, August 10, 1939. 

TABLE VI 


No. or WORKERS 





ees No. oF MALES 
| No. or ADULTS N came 




















| 

ae a TO EMERGE IN TO EMERGE IN 
— ON NEst LABORATORY LABORATORY 

9 " Date | No. Date No. 
Oe. Evscxvics Peden cnbiae ewes a 8/13 to 8/20 | 7 
60 BA le aces ; a : are ee 0 | 8/15 to 8/21 | 6 
61 0 8 at alatealiate een: 0 8/13 to 8/25 10 
ee” Gheaueeasss pitas ieee a 0 8/13 to 8/20 14 
ee eee ase are Peer ea t-@ 8/11 to 8/20 4 
64 a Rina ead kee ae et arete aes 8/13 1 8/11 to 8/13 | 6 
65 bre aca a aig ee | lca 0 8/13 2 
66 |... aes ..| 8/17 1 8/17 to 8/23 8 
67 5 0 8/13 to 8/26 5 8/13 to 8/20 14 
68 2 4 ee 0 8/14 to 8/17 6 
69 8 18 isc ma eer a eae eget eas 
70 8 10 0 8/14 to 8/20 11 
71 5 0 eh ai wa iy sca Pe 0 8/17 to 8/21 9 
72 5 | 6 8/14 2 8/14 to 8/16 6 
73 |} 14 BES Caerrce nen ees 0 8/13 to 8/15 4 
74 1 DO eee hata 0 8/20 to 8/23 4 
75 1 oe . evoyaa eee 0 8/21 4 
76 8 9 8/13 3 8/13 to 8/17 9 
77 4 .- wo 8/14 2 8/13 to 8/14 2 
78 5 | 16 {| 8/13 to 8/20 2 8/13 to 8/30 17 
79 3 Dy OWE a ouistiicg comer 0 8/13 to 8/15 5 
80 6 OS Bice Sane eaeren 0 8/20 1 
81 4 | 0 Prac a 0 8/14 to 8/23 9 
82 = is 8/14 to 8/20 2 8/14 to 8/21 5 
83 0 Ww: jwehner 0 8/14 to 8/20 5 
84 16 wT. °  Wiscaveuctanest 0 8/13 to 8/20 10 
85 1 2 vache ie: Dee ae 0 8/14 to 8/26 5 
86 8/14 to 8/20 5 8/11 to 8/17 7 
87 8/11 to 8/20 5 8/11 to 8/20 10 
88 8/13 to 8/20 3 8/13 to 8/21 8 
89 8/14 to 8/17 3 8/11 to 8/17 9 
Total 108 | 143 34 217 
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Early August seems to be a time for the preponderance of males. 
In taking the 31 nests, I found that the adults upon them numbered 
108 workers and 143 males. There was also a preponderance of males 
in those which emerged from the nests brought into the laboratory. 
Here, between August 11 and August 30, 34 workers and 217 males 
became adult. The large number of males here again makes one 
suspect that the workers probably also had a hand in their production. 
The ovaries of the queens, it seems to me, would have given out long 
before this number was attained. 

The males have every opportunity now to mate with the few workers 
that are on hand, and they evidently do so. It is my opinion, expressed 
elsewhere, that it is the inseminated workers that go into hibernation, 
and upon coming out of it in the spring become the foundress queens of 
new colonies. 

Table VII is based on the emergence of adults from six pallipes nests 
taken at Pacific, Missouri, two weeks later, August 23, 1939. 


TABLE VII 

No. oF WORKERS No. oF MALEs 
Nest | No. or ADULTS to EMERGE IN tO EMERGE IN 
No. | on NEst LABORATORY LABORATORY 

9 y" Date No. Date No. 

90 7 l wh 
a 0 8/26 to 8/29 10 
92 4 4 0 8/31 3 
93 fe a 0 8/24 to 8/27 7 
Be ae sacles 8/25 to 8/30 6 9/5 l 
95 Doce cssked Sati 8/25 to 9/2 3 8/26 to 8/30 5 
a _— ‘i : 
Total | 1] 5 9 26 


In the table above we see approximately the same condition as 
noted in Table VI in regard to emergence in laboratory ; 26 males emerged 
August 24 to September 5, as against 9 workers. 


POLISTES VARIATUS 

The following notes with the same end in view were made on Polistes 
variatus. Thirty-one nests were taken at various places in Missouri on 
various dates, and all the data is covered in Table VIII. 

Adult males did not appear on the nests taken until August 10; on 
that day the nests taken had 39 workers and 15 males. From the nests 
brought into the laboratory males did not appear (except two notable 
exceptions, that will be discussed later) until July 12, and then only a 
very few in number. The predominating male population came in 
August. 

Since variatus is a faster worker than pallipes (as may be seen in the 
sarlier pages), there is a hair-breadth chance that the mid-July males 
may be the progeny of the workers, but the two exceptions referred to, 
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(the two males which appeared in mid-June in nest 97), can hardly be 
anything but the progeny of the queen. There is also a record of a 
male variatus becoming adult on June 4 (Ecology 20: 440, 1939). But, 
unlike Plath’s first brood of bumblebees being entirely males, all three 
early males of variatus were members of broods which also had workers; 


Nest! 


TABLE VIII 





LOCATION 


No. | 


96 
97 
98 
99 


101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 


| Bourbon 5, 30/39 


“ 


Robertson 6/25/39 


“ 

| Crescent 6/25/39 
Crescent 7/2/39 
Wentzville 7/9/39 


“ 


| Allenton 7/10/39 


Ranken 7/25/39 


| Rosetti 8/5/39 


es 20s eX 


“ 
we 
‘ 


Crocker 8/10/39 








No. OF 


| ADULTs ¢ 


No. oF WORKERS 
)N tO EMERGE IN 


No. oF MALES 
tO EMERGE IN 











NEs! LABORATORY LABORATORY 
Q Date No. Date No. 
1 0 |6/10to6/15| 3 |.......... 0 

1 0 |6/5 to6/16| 8 |6/16to6/20| 2 

1 0 |6/1lto6/16| 5 |............ 0 

1 | 0 |6/9 to6/16} 5 |............] 0 
aaa 1......1¢/4 tod/S | 6 Pocsees eed 0 
6 | O |7/18 Sm Bells. cae 
Oy ee ee eee OE cael foe 
4 | 0 |6/26 BB ac 0 
5 | 0 |7/5 to7/12) 12 |7/12 2 
6 0 |7/4 to7/12| 12 |7/12 1 
31 © Ve/iltorie) © feccss:ccccek OC 
17 | 0 |7/12to7/22| 18 |7/19to7/22| 5 
| 6 HAS are OS Lt. eS 
21 © lt/ibwr/m « I.......6-..s 0 
en aes! fo.) a | 0 
20 | O |7/26to8/10| 11 |......... “ 
| © |............ © 17abeee i s 
eas }......|7/25to7/29| 3 |7/30to8/5 | 7 
12 0 |8/21 3 | 8/28 | 4 
or ed er as | 8/13 2 18/6 to8/25!| 16 
4 Sia Meuaonees L ceestncnesl, 2 oe 2 
Syd 8/6 to8/17| 9 |8/6 to8/I7| 9 
ceacuber ess 18/8 to8/30| 7 9/5 1 
Sigel de chacod 8/16 to8/21| 6 |8/13to8/21| 5 
2 | 8 |8/14 | 3 |8/13 to8/20| 15 
7 5 |8/20 b? We ec rererecs 0 
12 0 |8/13to8/16| 8 |8/14to8/17| 2 
18 | 2 |8/15to8/17| 8 18/15 to8/26| 11 
Fis a oma 8/12to8/14| 2 |8/12to8/17| 8 
— .. {8/17 | 1 |8/13to8/20| 9 
Leseee[.e...-[8/18t08/17| 8 |8/14 5 
| | | po Sa 

eae Ez. cea saceeceee eel ee 





indicating, of course, that the foundresses, through accident or other- 
wise, are capable of depositing infertile male-producing eggs. 

With only 3 males appearing before their time in a large number of 
colonies, one can only say that male production so early in colony 
founding is unusual. 

To conclude, then, the data indicates that both parthenogenetic 
and fertile eggs are deposited by the foundress queens, but that male 
egg production early in colony founding is not a normal condition. 
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More information, however, is needed in this matter. To solve the 
problem, as already stated, one must by dissection study the ovaries of 
both workers and queens at various times in the season. One must 
also know more of the period of incubation and the length of time 
required to reach adulthood, and last, but not least, one must mark the 
wasps, and watch them on the nest almost constantly, to discover 
which kind of wasps deposit which kind of eggs. All this, of course, 
would require a lot of patience and hard, monotonous toil—I wonder 
if the problem is worth it. 


THE SEX OF POLISTES WASPS THAT EMERGE AT THE 
END OF THE SEASON 


Somehow we have always assumed that in a Polistes colony the 
workers appear first, and continue to emerge from the cells until the 
middle of summer. Then the males come upon the scene to be in readi- 
ness when, finally, toward the close of summer the females arrive. 
This assumption, however, has no basis in observation or experiment; 
I, therefore, decided to bring nests loaded with pupae into the lab- 
oratory, and note the sexes of the individuals as they emerged from 
day to day. 

In Table IX, I present the data on this problem for three species of 
Polistes, P. variatus, P. pallipes, and P. annularis. 


TABLE IX 
Variatus Pallipes 
Location | Dates when j Locaticn | Dates when ‘ 
in Missouri} Emergence No. that in Missouri! Emergence No. that 
where Nest} Occurred in Emerged where Nest| Occurred in Emerged 
was found | Laboratory was found | Laboratory 
1939 | 9 7 | 1942 1 Q | 
Rosetti 8/8 to 8/25 2 | 16 | Pacific 9/10 to 9/25 5 
" 8/6to8/17 | 9 | 5 - 9/3 to9/1l | 16 | 
8/6 to 8/22 | 6 | 5 | = 9/2 to 9/10 | 4 9 
; 8/13 to 8/23 | 3 15 | Kimmswick| 9/20 to 10/17; 28 | 0 
Crocker 8/10 to 8/25 | 18 8 | Ranken 9/15 to 10/8 | 33 0 
Ranken 9/13 to 10/15) 37 6 | Kirkwood | 9/14 to 10/5| 8 24 
= 9/15 to 10/3 7 21 
| Pacific 9/4to9/20 | 6 29 
Total 6 nests 75 | 55 8 nests | 104 | 107 
Annularis | 
Kirkwood | 9/8 to 10/2 | 6 64 | 
1942 








The data show that during the last few weeks of the life of the 
various colonies, there is no regulation in regard to the sex of the 
emerging population. From most of the nests, both males and females 
emerged during the last days, although in two nests of pallipes the 


| 


| 
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populations were exclusively female. While the emerging males pre- 
dominated (226 males and 185 females) in the 15 nests, not one nest 
gave forth males exclusively. Apparently during the last month of 
the life of the colony, eggs producing males and females are deposited 
without any semblance of order or regulation. 


Incidentally, let it be noted that the adults that emerged in the 
laboratory so late in the season would not have been able as larvae or 
pupae in their natural habitat to withstand the cold of early autumn, 
but this, however, has nothing to do with the problem of the succession 
of the sexes. 


THE MORTALITY OF POLISTES PALLIPES WORKERS 


How many of the workers of Polistes wasps become prey to enemies 

during the working season? Recently in a population study of Bombus 
americanorum I found the mortality of worker bumblebees very low.’ 
The study indicated that her bumbling highness has few enemies, and 
this probably is because she proclaims to the world by her bright dress, 
the pc yssession of a wicked sting, A study of this kind for bumblebees 
is quite easy, for the maturing bees leave behind the telltale cocoon 
from which they emerged. A census which was taken of bumblebees in 
the nest at night and also of the empty cocoons (both at the end of the 
season), revealed the fact that only six workers lost their lives in the 
pursuit of duty during the entire summer. 

In watching Polistes wasps for several years, I sometimes found that 
certain workers which I had especially marked failed to return to the 
nest. Polistes workers in their search for wood- pulp, nectar, water, 
and caterpillars, must spend much time away from home. A propor- 
tion of every colony is liable to fall prey to birds, robber flies, and 
lizards. What this proportion is the following data will show. 

To ascertain the degree of mortality among the workers, I removed 
a number of colonies after dark (when few or none were away from 
the nests), counted the number of adults on the nest, as well as the 
number of cells that had disclosed adults. The difference between 
the two counts would be the number of adults that were lost. 


In Table X, I report on 22 nests (Nos. 1 to 22) gathered in Missouri 
between June 25 and July 13. In these 22 nests I counted a total of 155 
cells from which adult wasps emerged, but the number of adults on the 
nests were only 132 (incidentally, all workers). The loss was, therefore, 
23, or an average of one insect per nest. This, of course, is at the 
height of the season when trips afield are most numerous, and it shows 
that probably the severe sting of the workers is recognized and respected 
by the enemies of Polistes, as is that of the bumblebee. This date is 
too early for cells to have been used more than one time for brood. 
Later in the season the census would have to take into consideration 
the cells that gave forth more than one adult. 


2A Population Study of a Bumble Bee Colony, Bombus amdricanorum Fab. 
Ent. News 63: 70-73, 1941. 
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TABLE X 


Polistes pallipes 


Nest No. that should be on No. actually 
No. Date Nest from a count on Nest Loss 
of the cells’ 


o 





] 6,25 2 2 0 0 
2 6/25 7 5 0 2 
3 6 25 4 4 0 0 
4 6/25 6 6 0 0 
5 6/25 7 7 0 0 
6 79 16 16 0 0 
7 79 7 5 0 2 
8 7/9 6 4 0 2 
9 79 7 Z 0 0 
10 7,9 10 9 0 l 
11 7/9 6 4 0 2 
12 79 8 } 0 } 
13 79 4 3 0 l 
14 7,9 4 4 0 0 
15 7/9 9 9 0 0 
16 7/9 9 7 0 2 
17 79 4 4 0 0 
18 7/9 6 5 0 ] 
19 7/13 6 6 0 0 
20 7/13 10 6 0 } 
21 7/13 10 8 0 2 
22 7/13 7 7 0 0 
Total for 22 nests taken 

6/25 to 7/13, 1939...... 155 132 0 23 


In Table XI, 15 nests are considered (Nos. 23 to 37); these were taken 
during the second half of the nesting season, when the colonies were 
larger, and males appear among the workers on the nests. The table 
shows that theoretically at least 507 adults should have been on the 
15 nests; but what we found was only 260 (123 workers and 137 males), 
a mortality of about 50%. But the results of the study for the second 
half of the season will need to be discarded completely because it coin- 
cides with the time when the wasps normally disband, and also with the 
time when often on cold nights workers from elsewhere will alight on 
nests where they do not belong preparatory to going into hibernation.‘ 

There is no way to tell what the mortality of the foraging workers 
may be during the second half of the season, but the figures are of some 
slight interest in showing, however, the number of adults that are 

3In every case the queen was not counted since she did not come from one 
of the cells. 

‘But perhaps, after all, the defenseless male may be easy prey for enemies, 
and a 50% loss for the colony at that season may be normal, but since we are here 
interested only in the mortality of the workers, we can consider the data onl) 
for the time when males have not yet appeared on the nests. 


| 
| 
| 
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TABLE XI 


Polistes pallipes 











137 | 247 


No. that should be on No. actually | 
Nest nest,fromacount | ~ 6, oun . 
No. Date of the cells y | Loss 
e |e | 
23 7/25 13 ee i ee 
24 7/25 11 & | & 3 
25 8/5 17 om | xb 
26 8/5 32 1 6|) (6 | 5 
27 8/10 26 “mo | © | @ 
28 8/10 10 6 4 0 
29 8/10 27 6 9 | 12 
30 8/10 12 S | 2 bo 
31 8/10 27 5 6 | 16 
32 8/10 52 is | 20 | 14 
33 8/10 62 8 | 10 |} 44 
34 8/23 15 eo 4 1 | 7 
35 8/23 19 0 | 5&5 | & 
36 9/1 42 5 | 13 | 24 
a 9/3 112 9 | 37 | 6 
Total 15 nests taken | 
7/25 to 9/3, 1989........ 507 123 | 


found on the nests regardless of how they got at as well as the pro- 
portion of the sexes, during the period from July 25 to September 3, 
a period when mating is in progress. 

But it is a pleasure to know at least that the mortality of pallipes 
workers during the first half of the season is only 1 per centum. This 
low mortality is comparable with that found for the also stingful 
bumblebee. 


NOTES ON POLISTES WASPS IN KANSAS 


I spent two days, July 6-7, 1942, on the highways of Kansas, col- 
lecting the nests of Polistes wasps, and noting what I could of their 
habits. Six species (or rather varieties, according to Dr. Bequaert) 
were observed, and the details thus gathered are herewith presented.° 

Polistes fuscatus var. metricus Say.—Colonies of this species were 
taken at Abilene, Junction City, Williamstown, Elkader, and Topeka. 
The nests are usually round, with the pedicel in the center; they are 
small in size, much too small, I thought, for that time of the year. Each 
colony is founded by one queen, and on July 6-7, only three out of thir- 
teen nests had workers, and on these nests never more than two were 
found. For the others, only the foundress queens were occupants. 

The first workers do not appear on the nests until early to middle 
July. On the day the nests were taken, only 5 workers had emerged 


‘Specimens of Polistes from all the Kansas colonies were submitted to Dr. 
Joseph Bequaert, who kindly supplied the names. 
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from 13 nests, but a stream of workers emerged from these nests (when 
brought into the laboratory) between July 9 and 15. 

A count of the cells of 12 nests brought home, revealed that 9 of them 
contained only 20 to 26 cells, while 3 contained from 35 to 55 cells. 

Like many other species of Polistes, metricus deposits small drops of 
honey in the cells containing eggs. In one nest 7 out of 9 egg-bearing 
cells had droplets of honey, and in another nest all 10 cells with eggs 
had them. 

The width of the cells of metricus is no greater than those of pallipes 
or variatus, all three varieties having four cells to the lineal inch. 

Metricus sometimes is the victim of the lepidopterous parasite, 
Calcoela iphitalis Wikr. (det. Carl Heinrich). A dozen adults emerged 
from a nest taken at Williamstown, July 14 to 17.° 

Bequaert says (Journ. N. Y. Ent. Soc. 48: 21, 1940) that P. metricus 
is common in southeastern and central United States, ‘‘and that it 
should occur in eastern Kansas” which it evidently does. 

Polistes fuscatus var. apachus de Sauss.—This wasp was only seen 
in the wind-swept prairie region of western Kansas, at Oakley and 
Elkader in Scott County. 

The nests are few, small, and weak in localities that are wind- 
driven, but become quite prosperous in nooks sheltered from the wind. 
This was readily seen by comparing nests in favorable and unfavorable 
positions. For example, in a wind-swept school yard, a nest in the 
doorway of a shed had only 8 small cells and no workers, whereas on 
the same day in an old fashioned garden, protected from the wind by 
several buildings, the nests were numerous, large, well made, and 
possessed many workers. 

This garden was a veritable oasis in this hot, dry desert, where 
insects generally were scarce. The profusion of blossoms brought 
many other insects to the garden, and the Polistes did not need to go 
far for nectar and caterpillars. Polistes wasps consume much water, 
and the large puddle before the wind driven well was well patronized 
by them. 

It is no wonder then, that the one nest taken in the unfavorable 
location had no workers and only 8 small, weakly built cells; and in 
the favorable condition of the garden over 30 nests were counted. 
These were all on the outside or the inside of various buildings, in door- 
ways, under the eaves, and on little lighted ceilings. There were from 
8 to 15 workers on the nests, and the six nests brought home had from 
30 to 97 cells or an average of 60.5 cells per nest. 

The cells, however, were smaller in width than both metricus and 
variatus, measuring 4% to the lineal inch, whereas the latter two species 
measured 4 to the inch. A nest of apachus taken at Rio Grande City, 
Texas, however, was larger, measuring slightly less than 4 to the inch 
(Ann. Ent. Soc. Amer. 36: 552, 1943). 

These wasps are victims to only a few parasites. One nest gave 
forth 4 hymenopterous parasites, Polistiphaga fulva Cr. (det. H. K. 
Townes), between July 8 and 15, and another nest had two cells infested 


‘For notes on this parasite see paper, ‘‘Observations on Certain Lepidopterous 
and Hymenopterous Parasites of Polistes Wasps,’’ Ann. Ent. Soc. Am. 34: 355-366, 
1941. 
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by the Indian meal moth, Plodia interpunctella Hubn. (det. Carl Hein- 
rich) which became adult in early August. Just how the latter species 
affected the wasps is not known. 

Bequaert (1. c., p. 21) in giving the distribution of this wasp, does 
not mention Kansas. 

Polistes fuscatus var. bellicosis Cress.—Only one small nest of seven 
cells of this wasp was taken on the trip. It was found at Topeka, and 
even though the season was far advanced, the queen had just 
commenced building operations. According to Bequaert (1. c., p. 21), 
this is a common form in Southeastern United States, but he does not 
specifically record it from Kansas. 

Polistes fuscatus var. variatus, Cr.—Polistes variatus builds in the 
ground, or near the ground, but occasionally in Missouri one finds them 
under eaves of buildings. In Kansas, however, according to Iseley 
and Williams, P. variatus often nests in rodent burrows. This species 
was observed at Junction City, Kanopolis, and Emporia. The nests 
were small in comparison with those found in Missouri at the same 
time of year. Four of the five nests collected on July 6-7 had only 
from 6 to 30 cells, and the fifth nest had 70 cells. 

The nests of variatus in Kansas were also much more poorly con- 
structed, the paper walls being thin and flimsy. The width of the 
cells, however, were the same as those taken in Missouri, measuring 
4 to the lineal inch. 

Polistes canadensis var. annularis L.—Nests of annularis were not 
seen, and neither were they searched for particularly, because of the 
shortness of time. Annularis nests in trees near the water, and we 
kept pretty close to the highways, where old buildings and culverts 
were examined. However, at Williamstown, an annularis was taken 
while flying, and an inhabitant there told me how hundreds would fly 
into an attic room of his house each autumn, evidently seeking hiber- 
nating quarters. A search among the vegetation near streams would 
probably reveal them in great abundance in Eastern Kansas. 


THE WIDTH OF THE CELL IN RELATION TO THE SIZE OF THE 
ADULT IN THIRTEEN SPECIES OF POLISTES 

Tarlton Rayment has opened a new line of investigation by his 
discovery of the relation of cell-size to adult-size in five species of honey- 
gathering bees of the genus Apis. He noticed that the cells of the 
giant-bee of India, A pis dorsata, measures 4 to the lineal inch; those of 
the hive-bee, A. mellifera, 5 to the inch; while the eastern honey-bee, 
A. indica, constructs 6 to the same measure. Then there is a hiatus, 
for the next are those of the Australian bee, A. aenigmatica, which 
measure 9 to the inch, and last, the small cells of the Indian flower-bee, 
A. florea, which builds ten cells to the lineal inch.’ Rayment, who 
possesses a good deal of constructive imagination, is looking forward 
to discovering two new species, whose cells will measure 7 and 8 to the 
inch. ‘*The sequence will then be unbroken.” 

Recognizing that Rayment’s little study involves three distinct 
departments of biology—that of taxonomy, psychology, and physiol- 


7A Cluster of Bees, pp. 554-561, 1935 
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ogy—I wondered what his method would reveal when applied to the 
study of members of the genus of Polistes. The adults of each colony 
or of each species vary but little in size among themselves, but vary 
to a great extent among the species of the genus. 

There is an advantage in working with Polistes, over that of mem- 
bers of the genus 4A pis, for in the former, there is no differentiation of 
size in queens and workers. There are no outward marks of royalty 
among any of the members of a colony of Polistes, nor does a nest 
contain any large royal cells. 

A study of cell-size in Polistes was therefore made, and the nests of 
13 species were considered.* The table herewith presented gives the 
results of this study. 


TABLE NXII 
No. of Nests No. of Cells to 

Habitat examined Polistes species the lineal inch 
Mexico 6 P. carnifex 23, 
Panama 5 P. panamanensis 314 to 3% 
Mexico | P. major 3! 
Missouri 20 P. annularis 3% 
Missouri...... 12 P. rubigenosis 3% 
Mexico } P. canadensis 3% 
Missouri in 15 P. pallipes 334 to 4 
Kansas 
Missouri ; 20 P. variatus } 
Wisconsin. 
Kansas 4 P. metricus 4 
Mexico 10 P. instabilis 4 to 44 
Kansas.. 9 P. apachus 4% 
Texas : 12 P. exclamans 434 to 5 
Mexico l P. modestus 5 


In Table XII the species are arranged according to the size of the 
cells; the largest cell-maker being carnifex at the top of the column, 
with 234 cells to the lineal inch. Running the eye down the last col- 
umn, we note a progressive decrease in cell-size, the smallest measuring 
5 to the inch, and made by the species modestus. 

The wasps themselves were not actually measured, but a glance at 
living or at pinned specimens easily convinces one that there is a very 
direct correlation between adult-size and cell-size in each of the species 
represented in the table. Of course, this investigation covers only 13 
taxonomic units (species or varieties)—less than a third of those known 
to North America alone (Bequaert enumerates 45). One wonders, 
therefore, what may yet be revealed when, and if, a similar study is 
made for the complete series of Polistes wasps from all over the world. 

It is quite obvious, of course, that large wasps can only develop to 
maturity in large cells, but that by no means indicates that small 


SA number of groups of cells were measured in each nest. The groups chosen 
for examination were always cells that had already given forth adults. The 
incomplete or half finished cells usually found about the periphery of the nest 
were not considered at all. 
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species cannot also develop in large cells. The observations herein 
recorded, however, show that no species makes cells larger than are 
needed. There is something inside queens and workers—be it psycho- 
logical or physiological—that makes for regulation of cell-size; so much 
so that it appears as if adults of the various species anticipate the 
size of the full grown larvae (and this often before even the eggs are 
deposited) and provide precisely what is required. There is something 
within the organism—call it mind if you will—that prevents the cells 
from being built clumsily too wide or uncomfortably too narrow. There 
is never any wasted space in the cell of a full grown larvae, and if the 
larvae at first find themselves in cells much too large for them, it is but a 
tribute to the foresight of the builders in providing ‘‘lebensraum”’ for 
the young, long before there is need for it.® 

What is this regulation? What, one may ask, is it that induces a 
worker to stop building at the right time? Of course one may place 
the ‘‘cart before the horse” and let the answer be that each species 
instinctively builds cells of a certain size, and that no waspling can 
possibly grow beyond the limits of its own walls, therefore, we can only 
expect small wasps from small cells and large ones from large cells. 
But one must not forget that Polistes nests, as well as Polistes wasps 
themselves, were not always what they are today, and that somewhere 
along the evolutionary line (before the cell-size instincts became fixed 
in heredity), something akin to intelligence, here and there, entered 
into the picture. But this only brings us again before a blank wall, 
because we do not know just how to define intelligence. 

Unfortunately, this little study leads us not to any very definite 
conclusions, although the results of the investigation are of general 
interest. One cannot yet say that each species or groups of species 
of Polistes may be identified by the kind of cells they make, and thus 
be of value to the taxonomist. From the standpoint of psychology, 
we must yet discover what influences each species to build cells of a 
standard size, and what prevents the builders from making interminably 
wide cells, or lopsided cells, or what influences them to stop when the 
proper size was attained. 

The one thing that this study has revealed is that Polistes wasps 
(according to species) make cells of different sizes, and these are corre- 
lated with the sizes of the adult insects. There are, however, many 
details of the causes and the evolution of this correlation about which 
we know nothing. Tarlton Rayment has, however, opened a new 
avenue of attack on these problems by his study of the genus 4A pis, 
and a similar attack upon Polistes may lead to discoveries of value 
about the interrelationships of members of the genus Polistes. 


*The length of the cells in some species is increased as the larvae within them 
come to maturity, and in some species, t.e., annularis, the cells are seldom long 
enough to completely enclose the larvae. Often we find the length increased to 
some extent, not by paper pulp, but by heavy silk spun by the larvae, but this 
of course has nothing to do with the width of the cell, which is entirely the work 
of adults. 








ADULT ODONATA AS CLASS-ROOM MATERIAL 


E. H. STRICKLAND 


University of Alberta 


For a number of years the writer has employed Dragonflies 
(Anisoptera) and Damselflies (Zygoptera), in a beginners’ course in 
Entomology to exemplify a laboratory period entitled ‘‘The Inter- 
dependence of Modifications in Structure.” 

Visitors from other Universities have expressed surprise at the 

explanation for their structure which is given here. Though several 
h: ive stated that they find it interesting, all appear to reserve judgment 
as to the validity of our deductions. This paper is written with the 
hope that it may either justify our interpretation or induce someone, 
better versed in the actual facts than we are ourselves, to refute it. 

The writer lays no claim to being a specialist, either in morphology 
or in the Order Odonata. These insects were selected as laboratory 
material simple because they are readily procurable. This selection 
necessitated an attempt to interpret their unusual structural modifica- 
tions along biological and physical lines. Reference to such literature 
as was available to us failed to elicit any explanation for the remarkable 
lengthening of the abdomen other than as a somewhat vague reference 

» ‘*Streamlining.”’ 

The sequence employed in laboratory periods which precede a study 
of these insects may clarify the arguments herewith presented. 

Following introductory periods, designed to place Arthropoda, in 
general, in their correct perspective in relation with other forms of 
animal life, a combined study is made of the external anatomy of 
grasshoppers and roaches. Either of these insects, if studied aione, 
gives a false impression of the structure of a generalized pterygote 
insect, since each is highly specialized in certain respects. 

Studied together, however, they exemplify nearly every important 
structure (excepting wing venation) in a moderately unmodified form. 
The students are asked to retain a mental composite picture of these 
primitive Hexapod structures and are told that every variation of them 
which they will encounter in subsequent studies of other insects must 
have some biological significance even though, in the present state of 
our knowledge, that significance may elude a satisfactory explanation. 

These periods are immediately followed by a combined study of a 
dragonfly and a damselfly. The period begins with a brief account of 
the habits of each insect. Dissimilarities between their use of vision in 
locating prey and the similarity in their method of its capture and 
subsequent manipulation, with the aid of all six legs, are discussed 
The students are then told that it is the latter habit which is associated 
with the extreme lengthening of the abdomen. In order to prove this 
to themselves they are required, first, to make an enlarged drawing of 
the thorax and to homologize every structure with that of a more 
generalized grasshopper. 


28 
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Since the modifications are more pronounced in a damselfly than 
they are in a dragonfly, the greater attention is paid to the former 
insect, though the latter yields information regarding the difference in 
the employment of vision, while it serves as an example of an inter- 
mediate stage in thoracic modification. 


By the end of the period, each student is required to explain: 

1. How and why the cervical region has become more flexible than 
is that of a phytophagous grasshopper. 

2. How ‘‘bi-focal”’ vision serves the needs of a dragonfly, while it is 
unnecessary in the method whereby the damselfly searches for 
prey. 

3. By what actual modification of the pterothorax are all three pairs 
of legs brought to lie immediately below the mouth, where they 
can together produce a ‘‘wastepaper-like” basket for scooping 
prey from the air and, subsequently, assisting the highly pred- 
atory mandibulate mouthparts to deal with it. 

4. Why this unusual method of catching prey results in the length- 
ening of the abdomen, and produces its unusual .shape in 
Zygoptera. 





Fic. 1. A generalized insect, exemplified by a grasshopper, showing its 
center of balance supported above in flight and below when walking by the wings 
and legs, respectively. Eps. II and III, Epm. II and III., Meso- and Meta- Epi- 
sterna and Epimera, respectively. The ‘‘target’’ indicates the approximate center 
of balance. 


A solution to the last two problems is approached as follows: In 
comparison with the more generalized grasshopper thorax, it is observed 
that the pterothorax has undergone a 45° rotation in the dragonfly and 
one approaching 90° in the damselfly. The biological significance of 
these rotations, obviously, is that they bring all three pairs of legs to a 
position below the mouth, where they are ideally suited to capture 
prey flying in front of this predator and to manipulate it subsequent 
to capture. 

To the extent to which this rotation serves its purpose in bringing 
the legs forward to perform this new task, it, at the same time, forces 
the wings backward to a similar degree. In consequence, the two 
fulcra of support by the legs and by the wings now lie the one well in 
front of, and the other far behind the original centre of balance of the 
entire body. The accompanying diagram illustrates this ‘‘shift” in 
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comparison with the condition which maintains in a more generalized 
grasshopper. 

Evolution has done little to rectify this situation in so far as leg 
support is concerned. Though field observations demonstrate that a 
damselfly is still able to rest on a horizontal surface it rarely does so, 
but it hangs, by preference, to a vertical support. All pretensions to 
‘“‘running”’ have had to be permanently discarded. 

Flight, however, remains an activity of paramount importance in 
the ecology of a damselfly. Without some compensating modification to 
the region behind the wings, the ‘‘head-heaviness”’ resulting from their 
backward migration would render this an impossibility. 

Some degree of ‘‘tail-heaviness”’ in insects is no serious obstacle to 
flight. This condition is common, particularly in the case of females 
at those times during which the abdomen is heavily loaded with eggs. 
The actual centre of balance, in such insects, in the natural course of 
events, is continually shifting with the operation of the essential func- 
tions of ingestion and excretion and of gonad activities. Some com- 
pensation for this can be effected by varying the backward sweep of 
the wings and by accentuating, or otherwise, a downward flexure of the 
abdomen. Such expedients, however, are entirely ineffective in 
re-establishing equilibrium to a head-heavy insect such as a damselfly. 


ee — , 





Fic. 2. A male Lestes, showing the 90° rotation of the pterothorax, which 
brings the original center of balance to a point far in advance of the wing bases. 
The total weight of this insect was .289 grs., of which .194 grs. lay in front of the 
wing-base, and only .095 grs. behind it. After removal of the hind pair of wings, 
the abdomen weighed only .087 grs.; of this weight .041 grs. was confined to the 
posterior third of its length. The center of balance for the entire insect, after 
removal of the wings, is about 2 mm. behind the wing base. 


The necessity for the great ‘‘depth” between the nota and the sterna 
of the Zygopteran pterothorax is not very obvious. The following 
conjecture is offered as a_ possible explanation. Flight muscles in 
primitive insects evolved along lines whereby they actuate the wings to 
deliver a powerful lifting stroke, at right angles ‘to the nota, while, at 
the same time, driving the insect forward. From this ancestral muscle 
pattern has evolved the present muscular arrangement within the 
pterothorax of Zygoptera which permits them still to fly upwards and 
forwards rather than backwards and upwards. It is possible that the 
consequent modification in the relative development of the interacting 
flight muscles could be effected only by an increase in the distance 
between the nota and the sterna of the segments which contain them. 

Whatever may be the explanation, this secondary deepening of the 


| 
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pterothorax has accentuated an already pronounced head-heaviness in 
Zygoptera. 

Two adaptational modifications suggest themselves as a possible 
means for restoring equilibrium. The first is that an otherwise unmod- 
ified abdomen increase in size and in weight until it counterbalances 
the entire weight of the head and thorax. Had the course of evolution 
been along these lines, however, the total weight of the insect would 
have been greatly increased. This would have necessitated still more 
powerful flight muscles and, presumably, a still larger and heavier 
pterothorax. Since muscular power increases only by the square of its 
diameter whereas its weight increases by its cube, this course appears 
to have been denied by one law of physics. 

In actuality, however, another physical law was ‘‘at the disposal’ 
of evolutionary modifications to reinstate equilibrium. Its application 
to the Zygopteran abdomen is clearly seen in the accompanying dia- 
grams. By actual weight, the abdomen of the specimen illustrated 
was found to be only .095 grs., which is rather less than half of the 

.194 gr. weight of the combined head and thorax. Furthermore, it can 

be shown, by thrusting a pin horizontally through the abdomen of a 
male Zygopteran and resting its ends on smooth surfaces, that the 
actual centre of balance in this insect now lies approximately 2 mm. 
behind the wings, near the junction of the 2nd and 3rd abdominal 
segments. 


‘ 





Actual centre Lever (.owwars) 
(at wing of balance 
base) 


Fic. 3. Diagram, showing the application of ‘‘The first law of leverage’’ to 
the equilibrium of a flying Zygopteran. 


A number of individuals, representing both sexes of various species 
of Zygoptera, chief among which was Lestes unguiculatus Hag., were 
wadand Despite the similarity in size, the females of any given species 
weighed about 11% times to twice as much as did the corresponding 
males, while the weight of their abdomens in comparison with that of 
the head and thorax varied considerably according to the condition of 
gonad development. In the males, however, results were much more 
uniform. The one illustrated can be taken as fairly typical. 

In all males, bisected by a vertical cut between the two pairs of 
wings, the anterior half of the body weighed from 1% to over two 
times as much as did the posterior half. 

Trisection of the abdominal region indicated the extent to which its 
chief weight is localized posteriorly. As is shown in the chart, the 
posterior third is almost as heavy as is the anterior two-thirds after 
removal of the hind pair of wings. Further dissection of this posterior 
third indicated that its weight is fairly evenly distributed along its 
length. The slight discrepancies between the total weight of the 
abdomen and its component thirds is due to small losses of blood 
resulting from dissection. 
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The greatest weight of the combined head and thorax appears to 
centre around the middle of the pterothorax, near the point occupied 
by the centre of balance of a complete generalized insect. Bleeding, 
when this region is cut, prevented accurate weighing of its parts. 

From this, it appears that, because a weight of .194 grs., centered 
at a point about 3.5 mm. in front of a fulcrum at the wing-bases, can be 
counterbalanced by one of only .041 grs. at a distance of about 20 mm. 
behind it, equilibrium has been restored to a Zygopteran with a saving 
of more than 25% of a total body weight. 

Theoretically, the leverage afforded to the lesser weight should 
enable it to counterbalance a weight of about 6 times its own magnitude 
in front of the fulcrum. Despite the added assistance of the weight of 
the ‘‘lever” in a Zygopteran abdomen, its posterior third has to coun- 
terbalance only about 4% times its own weight. As was demonstrated 
earlier, however, the actual point of balance in this insect lies behind the 
fulerum and, in common with other insects, a Zygopteran is somewhat 
‘‘tail-heavy”’ in flight. 

Thus an early study of this insect focuses the attention of the 
student upon the following facts: 

1. A biological explanation should always be sought for every one 
of the innumerable structural modifications which he will encounter 
in the different species of insects that he will study. 

2. Because no ready explanation can be found in the case of some 
of these, it cannot be assumed that they are an exception to this rule. 

Attention is, however, drawn to the possibility that some, such as the 
long legs of Tipulidae, which appear to be an unmitigated nuisance to 
most of their present-day possessors, may have served an invaluable 
purpose in the evolutionary history of these essentially aquatic insects, 
while there is the probability of a genal linkage of ‘‘neutral,’’ or possibly 
somewhat disadvantageous, characteristics with others of which the 
advantages more than offset them.) 

3. All adaptational modifications are conditioned by immutable 
physical laws. Compensatory modifications, which may be demanded, 
may find expression in parts of the body which are far removed from 
the region in which the original modification evolved in association 
with a new employment of an ancestral structure. 


THE ELATERIDAE OF NEW YORK STATE, by Henry Dtetricu. Cornell 
University Agricultural Experiment Station, Memoir 269, 79 pages, 4 plates, 
March, 1945. 

While the treatment of the insect fauna of a single state may be of little value 
beyond its limits, the study of such a difficult group as the Elateridae even for a 
restricted area must have been a task worthy of any taxonomist’s skill and the 
results in Dr. Dietrich’s article are likely to be widely helpful. The Memoir 
is almost wholly a taxonomic survey. After a brief preliminary statement on the 
Elateridae of the world, the purpose of the paper, and acknowledgments, the writer 
devotes a page to general characters and methods of collection and proceeds to 
the classification. Keys to the genera and to the species of each genus are 
accompanied by brief descriptions and records of distribution. References to the 
bibliography are sporadic. Six pages are devoted to larvae. The four plates are 
made up of zinc etchings of beautifully executed drawings, including morpho- 
logical details, genitalia, and several figures of larvae. The work concludes with 
an index of scientific names.—A. W. L. 





THE COMPARATIVE MORPHOLOGY OF INTERNAL 
STRUCTURES OF THE ASILIDAE (DIPTERA)! 


WM. B. OWSLEY 
The Ohio State University 
Columbus, Ohio 


Comparatively little investigation has been made on the internal 
anatomy of flies other than the blood-sucking groups and a few others 
of economic importance, and a great number of the works published 
have dealt only with the anatomy of larvae. There are a great number 
of families of Diptera with diverse habits and external morphology 
whose internal anatomy would seem worthy of investigation. It was 
for such a reason that the Asilidae were chosen for this study. The 
robber flies because of their large size and predaceous habits have 
always aroused interest with the result that several investigators have 
published on robber flies and their prey. In connection with their 
feeding habits several descriptions have been made of the mouthparts 
of asilids. A few of these articles have described the gross structure 
of some parts of the alimentary canal lying in the head. Dufour (1851) 
made a comparative study of the internal anatomy of six European 
species of Asilidae, but other than his works the publications that 
include descriptions of the internal anatomy of the Asilidae have for 
the most part dealt with only certain organs of the robber flies in com- 
parison with those of other Diptera. Thus the knowledge of the internal 
anatomy and particularly the histology is very scanty. 

This paper deals with the comparative anatomy and histology of the 
digestive tract and its associated organs, male and female internal 
reproductive organs, and the dorsal vessel and related organs of the 
circulatory system in four species of Asilidae. The species studied are 
Asilus notatus Wied., Erax rufibarbis Macq., Promachus bastardi Macq., 
and Proctacanthus milbertii Macq. All of these species belong to the 
subfamily Asilinae. As to size they range in length from around 
18 mm. in Asilus to 30 mm. in Proctacanthus with the other two being 
about equal in length, around 24 mm. General descriptions of organs 
and tissues except when otherwise noted apply equally well to all four 
species studied. Since all work was done on preserved material, 
descriptions of color and appearance may not be applicable to fresh 
specimens. 

Material for study was collected in the summer of 1944. Asilus, 
Promachus, and Proctacanthus were collected while the author was a 
student at the University of Michigan Biological Station, Cheboygan, 
Michigan, where robber flies were found in great numbers along the 
sandy roads and fire-lanes. Erax was collected in the late summer on a 
dry hillside in Athens County, Ohio. Including both males and females 
from 25 to 150 specimens of each species were obtained. 

The author wishes to express his sincere appreciation to Dr. C. H. 


'Thesis presented for the degree of Doctor of Philosophy. 
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Kennedy, of the Department of Zoology and Entomology, Ohio State 
University, for his advice and kindly criticism during the preparation 
of this paper. The author also wishes to thank Dr. Stanley W. 
Bromley, of the Barlett Tree Research Laboratories, Stamford, Conn., 
who identified the species used in this study, and Mr. R. E. Snodgrass, 
of the Bureau of Entomology and Plant Quarantine, United States 
Department of Agriculture, who was consulted for the proper ter- 
minology of the glands associated with the mouthparts. 


METHODS 


All specimens were first killed with cyanide. Then to insure a better 
penetration of the fixative the legs and wings were removed and the 
thoracic and abdominal cavities were opened up w idely by cutting the 
body wall lengthwise with fine scissors. The incision was not made on 
the same surface in all the individuals of a species. In some it was 
dorsal, in others it was ventral or lateral. Those having a lateral 
incision were found to be most satisfactory in dissection. To kill and 
fix the tissues the insects were put immediately into Kahle’s fluid. 
After thoroughly washing the material in 70% alcohol it was preserved 
in alcohol of the same percentage. 

Gross dissection.—For studying the gross anatomy of an insect it 
was pinned in a dissecting pan and covered with 70% alcohol. Dissec- 
tions were made with the aid of a Greenough type binocular microscope. 
Drawings of gross anatomy were with a few exceptions made free-hand. 
Several whole mounts, particularly of the dorsal vessel and Malpighian 
tubules, were made, and these were studied and drawn with the use of a 
microprojector and microscope. Whole mounts were stained with either 
Mayer’s carmalum or Heidenhain’s iron-haematoxylin, run through 
the alcohols, and cleared in cedar oil. 

Histological technique-——To make orientation in imbedding easier 
and to render small pieces of material easier to locate in all steps up to 
sectioning, the organs or desired parts of organs were generally stained 
in toto with Mayer’s carmalum before running them through the 
alcohols. From 100% alcohol the tissues were cleared in cedar oil and 
imbedded in paraffin. Sections of most tissues were cut both seven and 
ten microns thick. The most satisfactory staining method employed 
Mayer’s carmalum for staining in toto and fast green for counter- 
staining. Other stain combinations used were haematoxylin and fast 
green, Mallory’s triple connective tissue stain, and Heidenhain’s 
iron-haematoxylin. Drawings showing cellular structure were made 
either with the use of a camera lucida or a microprojector. All drawings 
made using the microprojector are of the same scale except Figure 44, 
which is of a lower magnification. Drawings done with the camera 
lucida are so indicated in the explanations of the plates and have a 
magnification approximately three times greater than those for which 
the microprojector was used. 


SUCKING MECHANISMS OF ROBBER FLIES 


Asilids by the possession of a powerful sucking apparatus are well 
equipped for sucking the blood and softer tissues of their prey consisting 
of numerous species and various sizes of insects. 
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In the asilids there are, as in many other sucking Diptera, two 
sucking pumps, one immediately following the other. The first, or 
cibarial, pump is not a true part of the alimentary canal being evolved 
from the preoral cibarial pocket of such insects as the cockroach, but 
in Diptera the functional mouth opens into it (Snodgrass, 1944). The 
second, or pharyngeal, pump being a modification of the pharynx is 
really the first part of the alimentary canal. 

Cibarial pump.—(Pl. I, Figs. 7 and 10). The cibarial pump was 
termed as ‘‘basipharynx” by Peterson (1916), who states that it ‘‘is 
interpreted as including all of the united portions of the epipharynx 
and hypopharynx.” Whitfield (1925) adopted this term ‘‘basipharynx”’ 
in his description of the mouthparts of asilids. Melin (1923) termed 
the cibarial pump as the pharynx. All of these writers have ascribed a 
pumping power to this structure. 

The floor of the cibarial pump is formed by a sclerotized plate artic- 
ulating with the hypopharynx and which, as explained by Snodgrass 
(1944), is the base of the hypopharynx. This hypopharyngeal plate is 
trough-shaped, becoming wider above and having two lateral processes, 
or cornua, between which the lower part of the pharyngeal pump is 
attached. These processes are circular in form and serve as points of 
muscle attachments. These cornua of the cibarial pump have been 
termed the cornua of the basipharynx by Peterson (1916), and as 
‘“‘cornua pharyngis” by Melin (1923). Whitfield (1925) describes the 
two sets of muscles attached to the cornua as being the ones responsible 
for extruding and retracting the hypopharynx. The anterior wall of 
the cibarial pump is formed from the epipharyngeal part of the clypeus. 
This plate is sclerotized but is flexible and is attached by dilator muscles 
to the median plate of the clypeus. When the muscles are relaxed the 
anterior wall fits closely against the posterior wall. 

Pharyngeal pump.—The second, or pharyngeal, pump was consid- 
ered by Melin (1923) as being a swollen front part of the oesophagus 
having a pumping power. Peterson (1916) and Whitfield (1925) term 
this pump as the oesophageal pump. 

The pharyngeal pump is precerebral in asilids as in the horse fly 
(Snodgrass, 1944). It is a top-shaped structure with its lower part 
being held firmly between the cornua of the cibarial pump (PI. I, figs. 
7 and 10). The pharyngeal pump has a funnel-shaped cavity with the 
apex leading from the cibarial pump (PI. I, fig. 3). The sides of the 
cavity are lined with a chitinous intima which is continuous above with 
a thick chitinous disc which shows a central cup, or depression, when 
the muscles are relaxed. This plate extends between the muscle fibers 
for most of its circumference and can be seen externally (PI. I, fig. 10). 
Surrounding the chitinous intima and the dorsal disc is an epithelial 
layer of flattened cells. The pharyngeal pump is supplied with powerful 
muscles. The walls of the pump are composed of many layers of muscle 
fibers most of which are circular, but some have an oblique arrange- 
ment. The dorsal disc of the pump is attached to the frontal wall of the 
head by a large dilator muscle. The musculature of the pharyngeal 
pump is covered externally by a layer of low epithelial cells which 
appear vacuolated and resemble fat tissue. These in turn are covered 
with the walls of the tracheal air sacs of the head. 
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The chitinous framework of the dorsal disc and the intima of the 
funnel are prolonged posteriorly forming a narrow, angular tube that 
passes between the lobes of the brain to join the oesophagus which 
begins in the neck (PI. I, fig. 1). This part of the pharynx is covered 
externally by a low epithelial layer. At the junction of the prolongation 
of the pharynx and the beginning of the oesophagus are attached four 
muscles, two above and two below, which are attached inside the 
posterior wall of the head. Whitfield (1925) says these control the 
passage of the food from the pharyngeal pump into the oesophagus. 


GLANDS ASSOCIATED WITH THE MOUTHPARTS 


Two separate pairs of glands open into the proboscis. Whitfield 
(1925) thought he was the first to discover the presence of the smaller 
pair, but Cholodkovsky (1900) had found them in Laphria. He termed 
the larger pair mandibular glands and Whitfield spoke of them as 
thoracic salivary glands; while both termed the smaller pair labial 
glands. Whitfield thought it probable that the thoracic glands secrete 
a poison and that the labial glands are truly salivary in function. 

Two pairs of glands associated with the mouthparts and opening 
separately are found in some other Diptera. Lowne (1893-95) 
described two sets in Calliphora, and Kraepelin (1883) and Hewitt 
(1914) have done likewise for Musca. All these writers have termed as 
lingual those that end in the hypopharynx and labial those that are 
connected with the labium. They considered the lingual ones as being 
truly salivary. This brings about a confusion in terminology for Snod- 
grass (1935) states that so-called ‘‘salivary glands” opening at the 
base of the hypopharynx would be better termed labial glands. Since 
the function of neither pair has been determined, they cannot be des- 
ignated as to their secretion. For the purposes of this paper those 
lying in the thorax and opening through the hypopharynx will be 
termed ‘‘thoracic glands’”’ and those lying in tthe labium as “‘labial 
glands.”’ 


EXPLANATION OF PLATE I 

Fic. 1. Proctacanthus, longitudinal section through the pharyngeal pump, 
the prolongation of the pharynx, and oesophagus. 2. Erax, cross section of a 
paired thoracic gland duct. Camera lucida. 3. Proctacanthus, dorso-ventral 
section of the pharyngeal pump. 4. Erax, cross section of thoracic gland common 
duct. Camera lucida. 5. Erax, cross section of thoracic gland. 6. Promachus, 
wall of thoracic gland. Camera lucida. 7. Proctacanthus, posterior view of 
sucking apparatus. 8. Proctacanthus, lateral view of salivary pump. 9. Procta- 
canthus, ventral view of thoracic glands. 10. Proctacanthus, lateral view of 
organs of head and first part of thorax. B. M., basement membrane; Br., brain; 
Cb. P., cibarial pump; Ch. Pl.,, chitinous plate on salivary pump; Ch. Pl.2, chit- 
ious plate on common duct of thoracic glands; C. Ph., cornu of cibarial pump; 
C. Sl. D., common duct of thoracic glands; D. Pl., dorsal plate of pharyngeal 
pump; Ep., epithelium; Gc. Ca., gastric caecum; Hph., hypopharynx; Jnt., intima; 
Lb. Gl., labial Gland; M,, circular and oblique muscles of pharyngeal pump; M2, 
dilator muscles of opening into oesophagus; M;, dilator muscle of pharyngeal 
pump; M,, muscles attached to cornu; M;, dilator muscle of salivary pump; Mz, 
dilator muscle of common thoracic gland duct; M;, dilator muscle of cibarial 
pump; Oe., oesophagus; Ph. P., pharyngeal pump; Pr. Ph., prolongation of phar- 
ynx; S/. Ch., duct leading to salivary channel; S/. D., paired duct of thoracic 
glands; S/. Gl., thoracic gland; S/. P., salivary pump; Tr. M., tracheal membrane; 
V. N. C., ventral nerve cord. 





Morphology of Asilidae 


PLATE I 
Wm. B. Owsley 
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Thoracic glands.—(P1. I, fig. 9). The thoracic glands are a pair of 
white elongate, sac-like tubes lying folded in the thorax in front of and 
partially between the gastric caeca (Pl. II, fig. 11, and Pl. III, figs. 
17-19). The free end of each extends laterally and above the gastric 
caecum and is held in place by a connective tissue which surrounds it 
and the gastric caecum. The thoracic gland walls have a layer of 
uniform columnar epithelium (PI. I, figs. 5 and 6). The epithelial cells 
have large round nuclei. This layer is lined internally with a smooth 
chitinous intima and on the outside there is a thick basement membrane, 
which in some sections appears as if it were a separate peritoneal mem- 
brane. Cholodkovsky (1900) described epithelial degeneration as 
occurring in the thoracic glands of Laphria in even a stronger degree 
than in the mid-gut, but epithelial degeneration was never observed in 
the thoracic glands in the present study. 

The separate ducts of these glands unite below the oesophagus and 
nerve cord to form a common duct which leads to the salivary pump 
at the base of the hypopharynx (PI. I, figs. 9 and 10). Both the indi- 
vidual and the common ducts have the same general appearance and 
structure. Their external brownish coloring is due to the spiral thick- 
enings of the chitinous intima similar to but thinner than that of the 
oesophagus. This spiral chitinous lining has been noted by Adler and 
Theodor (1926) in Phlebotomus, by Tullock (1906) in Stomoxys, by 
Hewitt (1914) in Musca, by Lowne (1893-95) in Calliphora, and by 
Jobling (1933) in Glossina. Unlike the oesophagus these ducts exhibit 
great elasticity in that they can be considerably stretched without 
breaking. The epithelial layer of the individual ducts is flattened and 
cell walls are not distinct, while the common duct has an epithelium of 
distinct cuboidal cells (PI. I, figs. 2and 4). No muscle fibers are present 
on the ducts, but the secretion from the glands is pumped into the 
salivary channel of the hypopharynx by the salivary syringe, or pump. 

The salivary pump is a structure which is present in all Diptera 
(Snodgrass, 1944). It has been termed the saliv: ry syringe or salivary 
bulb by different authors. Peterson (1916) observed that the salivary 
bulb is a chitinized structure continuous with the hypopharynx in 
Tabanus, but separated from the hypopharynx in Promachus. Whitfield 
(1925) gives drawings and a description of the salivary pump and its 


EXPLANATION OF PLATE II 

Fic. 11. Proctacanthus, alimentary canal. 12. Proctacanthus, cross section 
through region of oesophageal valve. 13. Asilus, longitudinal section of 
oesophageal valve. 14. Asilus, upper part of oesophageal valve. Camera lucida. 
15. Erax, upper part of oesophageal valve. Camera lucida. 16. Erav, longi- 
tudinal section. of oesophageal valve. Abd. Con., abdominal constriction of 
stomach; Abd. Stom., abdominal portion of stomach; Ant.,/nt., anterior intestine; 
Ao., aorta; B. M., basement membrane; C. M., circular muscle; Cr., crop; Cr. D., 
crop duct; Ep., epithelium; F. Cls., fat cells; Ge. Ca., gastric caecum; Jnt., intima; 
L. M., longitudinal muscle; Mus., musculature; M. 7T., Malpighian tubule; Oe., 
oesophagus; Ph. P., pharyngeal pump; Pt. M., peritoneal membrane; Pir. M. Cls., 
cells lying in the position of those which secrete the peritrophic membrane of 
Diptera; Rec. An., anal part of rectum; Rec. G/., rectal gland; Rec. P., rectal pouch; 
Sc. Gb., secretory globule; S/. D., paired duct of thoracic glands; S/. Gl., thoracic 
gland; Sm. M. G., smaller portion of mid-gut; Th. Stom., thoracic portion of stom- 
ach; Tn. Jnt., taenidium of intima; V/. F., epithelial valve fold. 
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method of operation in the asilids. The salivary pump functions in 
forcing the secretion of the thoracic glands out through the terminal 
outlet duct in the hypopharynx. 

The duct connecting the salivary pump and the salivary channel 
within the hypopharynx is a thin, chitinous, bulb-like structure (PI. I, 
fig. 8). This duct as well as the pump itself is covered with a mem- 
brane which is supposedly a continuation of the epithelium of the 
thoracic gland ducts. The pump is a thicker chitinous structure with 
narrow, sclerotized, strengthening ridges on its posterior wall (PI. I, 
fig. 9). It is roughly oval in outline when seen from behind. Its 
posterior, or lower, wall is spoon-shaped with its convexity downward, 
and the anterior, or upper, wall when relaxed is nested in the lower 
wall. The posterior wall is fairly rigid, but the anterior wall is flexible 
and has a sclerotized central area on which a pair of dilator muscles are 
inserted whose other ends have their origin on the posterior wall of the 
cibarial pump. From a small chitinous area on the dorsal wall of the 
common salivary duct immediately behind the pump a small dilator 
muscle is inserted which has its origin on the posterior wall of the 
cibarial pump. 

Labial glands —Whitfield (1925) was able to detect the presence of 
labial glands only in Machimus atricapillus Fall. and in Asilus crabron- 
iformis T. His descriptions and drawings of these species closely agree 
with the structures as found in Asilus notatus Wied. but those of the 
other species examined in this study are of a different conformation. 

In Asilus notatus Wied. the labial glands are small, paired glands 
lying wholly within the labium on each side of the mid- line and opening 
separately near the tip of the labium. They show folds but no coils 
(Pl. IV, fig. 29). In Erax, Proctacanthus, and Promachus the labial 
glands lie for part of their length in the same position as in Asilus, but 
in these species the glands are longer and extend beyond the base of the 
labium into the lower part of the head capsule where they lie in coils 

(Pl. I, fig. 10, and Pl. IV, fig. 26). 

In histological structure the labial glands in all four species are 
essentially alike (Pl. IV, figs. 25 and 27). Each consists of epithelial 
cells clustered around a duct formed of spirally thickened chitinous 
intima. This latter shows through the epithelium and can be seen as a 
thin, brownish line, particularly in Asilus. The epithelial cells are 
large, columnar cells rounded at their outer ends. Their nuclei, like 
those of the thoracic glands, are shatattll The epithelium is composed of 

EXPLANATION OF PLATE III 


Fic. 17. Erax, alimentary canal. 18. Asilus, alimentary canal. 19. Pro- 
machus, alimentary canal. 20. Proctacanthus, portion of crop showing muscu- 
lature. 21. Proctacanthus, crop wall. Camera lucida. 22. Erax, ventral view 
of attachment of crop duct. 23. Proctacanthus, cross section of crop duct. 24 
Proctacanthus, cross section of crop. Abd. Con., abdominal constriction of 
stomach; Abd. Stom., abdominal portion of stomach; Ant. Jnt., anterior intestine; 
B. M., basement membrane; Cr., crop; Cr. D., crop duct; Ep., epithelium; Ge. Ca., 
gastric caecum; /nt., intima; M. T., Malpighian tubule; Mus., muscle; Oe., oesoph- 
agus; Ph. P., pharyngeal pump; Rec. An., anal part of rectum; Rec. Gl., rectal 
gland; Rec. P., rectal pouch; S/. D., paired duct of thoracic glands; S/. G., thoracic 
gland; Sm. M. G., smaller portion of mid-gut; Th. Stom., thoracic portion of 
stomach. 
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only one layer of cells, but due to their irregular arrangement they may 
appear to be in two layers in parts of cross sections. Eight to fourteen 
cells appear in a cross section. The labial glands have no covering nor 
limiting membrane other than the basement membrane of the 
epithelium. 


THE ALIMENTARY CANAL 


Following the terminology used by Snodgrass (1935) for all insects, 
the lining of the alimentary canal of asilids is divisible into three main 
regions according to origin: that of the fore-gut, or stomodaeum, ecto- 
dermal in origin; that of the mid-gut, or mesenteron, endodermal in 
origin; and that of the hind-gut, or proctodaeum, again ectodermal in 
origin. All three regions are covered with muscles which are meso- 
dermal in origin. The division between the fore- and mid-gut is 
marked by the oesophageal valve; the division between the mid- and 
hind-gut by the pyloric valve and the attachment of the Malpighian 
tubules. The regions can also be distinguished by the presence of a 
chitinous intima in the fore- and hind-gut. 

The alimentary canal varies in length with the degree of expansion 
and the state of muscular contraction, but is roughly one and one-half 
to twice the length of the entire body. Loops occur in the abdominal 
mid-gut and in the hind-gut (PI. II, fig. 11, and Pl. III, figs. 17-19). 


FORE-GUT 


The fore-gut consists of four distinct parts. The first part of the 
fore-gut is the pharynx which is modified into the pharyngeal pump 
and has been described above as part of the sucking apparatus. The 
other parts of the fore-gut are the oesophagus, the oesophageal valve, 
and the oseophageal diverticulum, or the crop. 

Oesophagus—The oesophagus is a tube which begins immediately 
back of the head where it is continuous with the ending of the pharynx. 
It is distinctly larger in diameter than the posterior prolongation of the 
pharynx (PI. I, fig. 1). It extends through the neck and into the thorax 
where it connects with the anterior end of the mid-gut. It is rather 
uniform in diameter throughout its length, but it is expansible and 
becomes swollen when filled with food. The oesophagus has a brownish 
color and a ringed appearance similar to that of the tracheae. . This 
appearance is due to the thick chitinous intima which has sclerotized 
spiral thickenings (PI. II, figs. 14and 15). Like the tracheae this intima 
can be pulled out into long spiral threads. Dufour (1851) described 
the annular striae of the oesophagus as being unlike the spirals of the 
tracheae in that they were discontinuous, but Cholodkovsky (1900) 
described the oesophagus of Laphria as having the structure of a 
trachea. The epithelium is composed of low or cuboidal cells which 
appear lower when the oesophagus is distended with food (Pl. IV, 
figs. 33 and 34). These cells lie on a basement membrane. Surround- 
ing the epithelium is a well-developed layer of circular muscles. No 
longitudinal muscles were found. This same condition of musculature 
was found by Graham-Smith (1934) in Calliphora erythrocephala L. 
The muscles are covered for part of the length of the oesophagus by 
the walls of tracheal air sacs. 
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Oesophageal valve.—(P1. II, figs. 12-16). Just anterior to the mid- 
gut the epithelial cells of the oesophagus begin to increase slightly in 
height, and with the folding of the epithelium into the mid-gut forming 
the oesophageal valve these cells become low columnar in form. There 
are usually two or three deep folds of epithelium in the oesophageal 
valve. The chitinous intima of the oesophagus loses its spiral structure 
just anterior to the mid-gut. It becomes thinner and continues as a 
very delicate and barely perceptible membrane covering the epithelial 
folds of the valve. Surrounding the junction of the oesophagus and 
mid-gut are several strong bands of circular muscles. 

The oesophageal valve of A silus differs from that of the other species 
studied in that the folds of cells are much more weakly developed 
leaving a comparatively larger opening between the oesophagus and 
stomach. It may be possible that there is some correlation between 
this poor development of the oesophageal valve and the absence of the 
crop in Asilus. 

In the anterior end of the mid-gut surrounding the oesophageal valve 
and covered by its folds is a ring of cells about ten rows in extent (PI. II, 
figs. 14 and 15). In size and structure these cells are more like the 
cells of the fore-gut than of the mid-gut. In gross dissection these 
cells have a glossy surface which is quite different from the dull surface 
of the surrounding epithelial cells of the mid-gut. They are low 
columnar in form and do not have vacuoles as in many of the mid-gut 
epithelial cells. 

No peritrophic membrane was found in the asilids, but these cells 
described above lie in the same position as those in other Diptera from 
which the peritrophic membrane is generally considered to be secreted. 
(Wigglesworth 1930 and 1939). Most authors have considered these 
cells as belonging to the mesenteron and thus endodermal in origin, but 
Gambrell (1933) in working out the embryology of Simulium found 
these cells to be ectodermal in origin, and Butt (1934) says the peri- 
trophic membrane is ectodermal in origin in Sciara arising from a group 
of large secreting cells lying around the oesophageal valve and attached 
to the upper edge of the mid-intestine. 

Crop. -A crop is present in Erax, Promachus, and Proctacanthus, but 
there is no vestige of one in Asilus. Dufour (1851) found a crop in 
Dasypogon but not in Asilus nor Laphria. Neither did Cholodkovsky 
(1900) mention a crop in Laphria. 

The crop in the asilids is a diverticulum of the fore-gut (Pl. II, 
fig. 16, and Pl. III, fig. 22). Its duct opens through a ventral slit in the 
oesophagus just in front of the mid-gut. The duct is a small straight 
tube lying below and loosely connected lengthwise with the ventral 
surface of the thoracic portion of the stomach. On its entrance into 
the abdomen there is a rapid enlargement of the duct into the crop 
which lies in the first part of the abdomen below the stomach and 
above the ventral diaphragm. 

The crop is a delicate, thin-walled structure whose surface is very 
irregular with many wrinkles and a’lobate outline. It is lined with a 
chitinous intima which is thrown into numerous folds (PI. III, figs. 21 
and 24). The epithelium, which like the intima has many complex 
folds, is composed of flat cells in which the nuclei are distinct but cell 
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walls are not. The epithelium rests upon a basement membrane. The 
musculature consists of an irregular meshwork of flat fibers which do 
not completely cover the surface when the crop is expanded (PI. III, 
fig. 20). It is this irregularity of the musculature which allows the 
bulging of the crop wall to form the irregular surface outline. The crop 
is not covered with a continuous peritoneal membrane, but it is usually 
surrounded by large masses of fat tissue. When the crop is contracted 
it is difficult to locate if there is much fat tissue investing it, but its 
presence or absence in a species can be determined by whether or not 
its duct is present. 

The crop duct is very similar in histology to the crop with a chitinous 
intima and flat epithelium thrown into complex folds (Pl. III, fig. 23). 
The musculature is a little more complete, generally showing a layer of 
external circular fibers and scattered, internal, longitudinal fibers. 

The crop is generally considered to be a temporary food reservoir, 
but in the asilids no food was ever found in the crop even when the 
oesophagus and stomach were filled with food; however, in different 
individuals the crop showed varying degrees of expansion. Similarly, 
Patton and Cragg (1913) working with Tabanus which uses vertebrate 
blood never found fresh blood in the crop even in flies killed while in 
the act of feeding. According to Wigglesworth (1939) the crop func- 
tions in various ways in different Diptera. 


MID-GUT 

The major part of the alimentary tract of asilids is the mid-gut. It 
lies in both the thorax and the abdomen. The anterior end of the 
mid-gut is prolonged laterally into two large gastric caeca, the apices 
of which are connected to the thoracic wall by suspensory ligaments. 
Histologically these gastric caeca are quite similar to the remainder of 
the thoracic portion of the stomach (PI. IV, fig. 28). 

Between the origins of the gastric caeca and where it passes into 
the abdomen the stomach does not change much in diameter, but as it 
passes through the foramen between the thorax and abdomen it widens 
and reaches its maximum diameter in the first abdominal segment 
(Pl. II, fig. 11, and Pl. III, figs. 17-19). The thoracic portion of the 
stomach and the first part in the abdomen generally have deep annular 
folds (Pl. V, fig. 36). The first part of the stomach in the abdomen 
is separated from the remainder by a very deep constriction, but there 
is no internal valve. Behind this constriction the mid-gut is large in 
diameter until it loops forward and backward under itself. This 


EXPLANATION OF PLATE IV 
Fic. 25. Asilus, cross section of labial gland. Camera lucida. 26. Erax, 
labial glands. 27. Proctacanthus, cross section labial gland. Camera lucida. 
28. Proctacanthus, cross section of gastric caecum. 29. Asilus, left labial gland. 
30. Promachus, cross section of abdominal part of stomach anterior to constric- 
tion. Camera lucida. 31. Proctacanthus, cross section of smaller portion of 
mid-gut. 32. Proctacanthus, wall of abdominal part of stomach posterior to 
constriction. Camera lucida. 33. Proctacanthus, wall of oesophagus. Camera 
lucida. 34. Proctacanthus, cross section of oesophagus. 35. Proctacanthus, cross 
section of smaller portion of mid-gut. B. M., basement membrane; C. M., cir- 
cular muscle; Ep., epithelium; Jn/., intima; L. M., longitudinal muscle; Rg. Cls., 
regenerative cells; Sc. Gb., secretory globule; S/. Br., striated border. 
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looped portion is generally much smaller in diameter than the preceding 
portion of the stomach but the relative diameters vary according to the 
position of food portions. All of the mid-gut posterior to its abdominal 
constriction generally has a much smoother external surface than that 
of the thoracic and abdominal portions preceding the constriction. 

Histology of mid-gut.—Throughout its length the wall of the mid- 
gut consists of a layer of columnar epithelial cells bounded by a base- 
ment membrane surrounded by well-developed layers of internal circular 
and external longitudinal muscles. A continuous peritoneal membrane 
was not found to be present around the abdominal portion of the 
stomach, but one was usually found around the thoracic portion. 

The epithelial layer appears quite different according to the stages 
of secretion and muscular contraction, but there does not appear to be 
any essential difference in structure in the various sections of the mid- 
gut. The epithelium is made up of a single layer of columnar cells, 
but due to the muscular contraction they may be so distorted and 
heaped up that there may appear to be several layers (Pl. V, fig. 37). 
The epithelium of the thoracic and first abdominal sections of the 
stomach is generally found to be thrown into deep circular folds. A 
longitudinal section in this case shows the circular muscles quite reg- 
ularly spaced within the folds, but the longitudinal muscles bridge the 
folds (Pl. V, fig. 36). A cross section of the same region may at the 
same time show longitudinal folds, and sometimes the abdominal portion 
of the stomach may show very deep longitudinal folds (PI. IV, fig. 30). 
In general the epithelial cells of the mid-gut show considerable irreg- 
ularity as to height, the cells which are actively secreting being much 
higher than the others. At times the mid-gut, particularly the smaller 
looped portion, may be so contracted that the epithelial cells almost 
close the lumen (PI. IV, fig. 31). 

The nuclei of the mid-gut epithelium are generally large and oval. 
In the resting state the epithelial layer frequently shows a striated inner 
border (Pl. IV, fig. 32). The cells generally appear vacuolated. 

A peritrophic membrane could not be found in the asilids. As 
evidence of its absence the secretory globules and particles were fre- 
quently found dispersed among the food particles (Pl. IV, fig. 35). 
Patton and Cragg (1913) stated that while the peritrophic membrane is 
a well-defined structure in muscid flies no definite membrane exists in 
the Orthorrhapha at least in Culex and Tabanus which were carefully 
studied, but that a delicate, faintly staining layer could be distinguished 
under the most favorable conditions. However, Jahn (1930) states 
that the peritrophic membrane appears as a distinct non-cellular 
membrane in the mydas fly. 

Secretion.—Secretion in the asilids is of the holocrine type in that 
large globules or cell particles are freed from the cells into the lumen. 
In sections of the mid-gut in which active secretion is occurring the 
epithelial cells may appear to be drawn out into long necks subtending 
buds at their inner ends (Pl. V, fig. 38), or a globule may appear to be 
forming at the free end of the cell with no neck-like constriction (PI. 
IV, fig. 30). In either case the free ends of the cells not having globules 
have a vacuolated appearance. During active secretion globules are 
found not only at the ends of the cells, but also free in the lumen where 
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the globules are found scattered in the food (Pl. IV, fig. 35). In addi- 
tion to the production of non-cellular globules a secretion is sometimes 
found in which the secreted particles contain nuclei and appear to be 
small cells (Pl. V, fig. 37). The two processes sometimes appear to 
occur together, but more frequently they do not appear to be contem- 
poraneous in the same section. Cholodkovsky (1900) says that evi- 
dently some of the cells completely degenerate and are replaced by 
others. This secretion in which nucleated particles or cells are secreted 
has been described for other orders of insects, and in the Diptera it has 
been described for Tabanus (Cragg, 1920). 

The disintegrating epithelial cells are apparently replaced by groups 
of small regenerative cells located between the groups of larger secreting 
cells (Pl. IV, figs. 37 and 38). 

Pyloric valve—(P\l. V, fig. 42). The pyloric valve is formed by 
folds of epithelial cells of the mid-gut extending backward into the 
hind-gut leaving a narrow opening into the hind-gut. Around the 
junction of the mid- and hind-gut there are a few bands of circular 
muscles, but this circular musculature is much more poorly developed 
than that of the oesophageal valve. The Malpighian tubules open into 
the hind-gut beneath the folds of the valve and seemingly at the union 
of the mid- and hind-gut (PI. V, fig. 41). 


HIND-GUT 

The hind-gut of asilids may be divided into four portions. The first 
of these has one or more loops and extends from the pyloric valve to 
the rectal valve. It is not divisible into an ileum and a colon, but is a 
fairly uniform tube and will thus be termed simply as the anterior 
intestine. The opening between the anterior intestine and the posterior 
intestine is conrtolled by a rectal valve. The posterior intestine, or 
rectum, is a straight tube with no loops. Two regions may be distin- 
guished, the rectal pouch, or rectum proper, containing the rectal 
papillae, and the remainder of the hind-gut leading to the anus which 
Graham-Smith (1934) has designated the anal part of the rectum. 

Anterior intestine.—(P1. V, figs. 39-42). Internally this portion has 
a chitinous intima lining the cuboidal epithelium. The epithelium may 
be thrown into relatively shallow folds in comparison with that of the 
mid-gut. The nuclei are more or less spherical. The epithelium lies 
on a thin basement membrane. A fairly thin but uniform layer of cir- 
cular muscles is present, but there is not a definite layer of longitudinal 
muscles. However, in the anterior portion occasional longitudinal fibers 
lie external to the circular muscles. A similar musculature was found 
by Graham-Smith (1934) in Calliphora. In the posterior portion just 
in front of the rectal pouch occasional internal longitudinal fibers are 
found, but in most sections, particularly in the middle portion, longi- 
tudinal fibers are not found. A peritoneal membrane generally sur- 
rounds this and the other regions of the hind-gut. 

Rectal valve—(P1. VI, fig. 44). The rectal valve is more weakly 
developed than the pyloric valve. Immediately anterior to the expan- 
sion of the rectal pouch, there is a perceptible increase in the thickness 
of the circular musculature with an aggregation of more bands of fibers. 
The epithelial folds of the valve are formed from the epithelium of the 
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posterior intestine rather than being an extension of the epithelium of 
the anterior intestine, thus being different in structure from the 
oesophageal and pyloric valves. The epithelial folds are covered 
next to the lumen with the chitinous intima which is continuous 
throughout the hind-gut. 

Rectal pouch—(Pl. VI, figs. 48-45). The rectal pouch is an 
enlarged, oblong, bladder-like portion of the posterior intestine which 
contains four rectal glands. The chitinous intima and the epithelium 
of the pouch are thrown into numerous, complicated folds. In the 
epithelium small, oval nuclei are present, but cell walls are not distinct. 
The musculature is highly developed, consisting of external circular 
bands in one or two layers and numerous internal longitudinal fibers. 
The latter lie for the most part between the folds of the epithelium. 
Occasionally one or a few external longitudinal strands appear to be 
present. The musculature is surrounded by a peritoneal membrane. 

In the asilids included in this study and those examined by Engel 
(1924) four rectal glands were found in all species, but Dufour (1851) 
described five in Dasypogon and Asilus senex Meig. The rectal glands 
are papilliform in structure with their apices extending backward in 
the lumen of the rectal pouch. Externally their bases are seen as 
button-like, raised structures on the surface of the rectum (PI. II, fig. 
11, and PI. III, figs. 17-19). Generally they are arranged alternately 
with two on each side of the dorsal side of the rectum, but sometimes 
they may appear in a long row and again they may be displaced more 
laterally. Engel (1924) describes and diagrams them as being on the 
ventral side in the female Machimus atricapillus Fall. and says that this 
same arrangement holds for all species studied by him which included 
Leptogaster cylindricus Deg., Dioctria rufipes Deg., and certain exotic 
asilids. In the present study the rectal papillae were found on the dor- 
sal side in both males and females in all species. In rare cases they 
were found on the ventral side in a few females, but other females of 
the same species showed them in their typical dorsal position so that 
their ventral position is not considered as being normal, rather being 
due to displacement by enlarged ovaries or some other cause. 

The epithelium of the rectal papillae is composed of giant cells with 
large nuclei. This epithelium is apparently continuous with the flat 
epithelium of the rectal pouch. The surface of a papilla is covered 
with an intima which is continuous with that lining all of the hind-gut. 
The lumen of the papilla is narrow, funnel-shaped. It is lined with a 


EXPLANATION OF PLATE V 

Fic. 36. Asilus, longitudinal section of thoracic portion of stomach. Camera 
lucida. 37. Proctacanthus, wall of smaller portion of mid-gut showing secretion of 
cellular particles. Camera lucida. 38. Proctacanthus, wall of smaller portion of 
mid-gut showing formation of secretory globules. Camera lucida. 39. Procta- 
canthus, cross section of anterior intestine near pyloric valve. 40. Proctacanthus, 
wall of anterior intestine. Camera lucida. 41. Promachus, longitudinal section 
through pyloric valve showing attachment of a Malpighian tubule. Camera 
lucida. 42. Promachus, longitudinal section of pyloric valve. B. M., basement 
membrane; C. M., circular muscle; Ep., epithelium; Jnt., intima; L. M., longi- 
tudinal muscle; Pt. M., peritoneal membrane; Rg. Cls., regenerative cells; Sc. Cl., 
secretory cellular body; Sc. Gb., secretory globule; St. Br., striated border; V/. F., 
epithelial valve fold. 
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thin peritoneal membrane and contains several tracheal branches which 
come from usually two tracheae that enter the base. The base of the 
papilla interrupts the musculature of the rectum and has no muscular 
coat. A peritoneal membrane covers the base of the gland. 

Graham-Smith (1934) describes the histology of the rectal papillae 
of Calliphora in elaborate detail; he suggests that the large cells may 
function like liver cells. Engel (1924) who made a morphological and 
histological comparison of the rectum of Diptera says that carbonic 
acid is removed from the blood by the epithelial cells and that the recta! 
papillae of the imago mechanically destroy the peritrophic membrane 
Wigglesworth (1932) thinks they absorb water and thus conserve it. 

Anal part of rectum.—(P1. VI, fig. 46). Behind the rectal pouch the 
posterior intestine becomes narrowed again into the anal part of the 
rectum which leads to the anus. This part of the rectum shows 
practically the same histological structure as the rectal pouch, minus 
the papillae, in that its walls are composed of a similar intima, 
epithelium, and musculature. 


MALPIGHIAN TUBULES 


There are four Malpighian tubules in the Asilidae all of which are 
inserted separately, as has been described by Dufour (1851) and 
Schindler (1878). They are not evenly spaced as to their insertion, 
but are arranged in two pairs. The Malpighian tubules arise at the 
junction of the mid- and hind-gut, and are generally considered as 
being ectodermal in origin (Snodgrass, 1935, and Johannsen and Butt, 
1941), but Pantel (1898) stated that the Malpighian tubules of the 
larva of Thrixion belong by their insertion to the mid-gut and not the 
hind-gut; in a later paper (1914) in observations on the Malpighian 
tubules of the Nematocera he described them as being inserted in the 
mid-gut. Eastham (1924) considered the Malpighian tubules of 
Diptera as being endodermal in origin arising from the mid-gut, and 
Henson interprets them as being endodermal in Pieris (1932) and in 
Blatta (1944). 

The Malpighian tubules are slender, long tubes whose free ends 
extend into all of the abdominal cavity, but they were never found in 
the thorax. They are white in all species except Asilus. Each specimen 
examined of this species, regardless of sex, had some white tubules, but 
others in the same individual contained a bright red pigment. This 
pigment is not free in the lumen but is contained in the cells (Pl. VII, 
fig. 48). Sometimes pigment granules are found in the cells of other 
species, but not in sufficient amount to give a distinct coloration to the 
Malpighian tubules. The epithelial cells forming the walls of the 
tubules rest-upon a thick basement membrane. They are shaped and 


EXPLANATION OF PLATE VI 

Fic. 43. Promachus, cross section through rectal pouch. 44. Proctacanthus, 
longitudinal section through rectal pouch. (Less highly magnified). 45. Procta- 
canthus, longitudinal section through rectal pouch showing the fourth rectal 
papilla. 46. Promachus, wall of anal part of rectum. Camera lucida. B. M., 
basement membrane; C. M., circular muscle; Con. T., connective tissue; Ep., 
epithelium; Jnt., intima; L. M., longitudinal muscle; Mus., musculature; Pt. M., 
peritoneal membrane; 7r., trachea. 
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alternately arranged in such a manner that not more than two cells 
appear in a true cross-section (Pl. VII, figs. 48 and 49). They contain 
large nuclei which frequently cause a bulging of the cell into the lumen. 
The side of the cell facing the lumen has a striated border similar to 
that sometimes found in the epithelial cells of the mid-gut, but here 
the striae are longer and more distinct, appearing cilia-like in structure. 
No continuous peritoneal membrane surrounds the tubules, nor were 
muscular fibers found on them. 

Occasionally small nucleated strands can be found on the outside 
of the tubules, but these are not striated and are supposedly ultimate 
divisions of the tracheae distal to the termination of the tracheal 
taenidia as Patton and Cragg (1913) described them for Tabanus (PI. 
VII, fig. 47). In some whole mounts small cells can be seen which 
appear to lie between the large cells, but these are perhaps peritoneal 
cells or cells of tracheal endings. 


INTERNAL FEMALE REPRODUCTIVE ORGANS 


Dufour (1851) studied the gross anatomy of the female organs of 
four species of Asilidae: Laphria fulva Meig., Dioctria nigritarsis Nob., 
Dasypogon teutonus F., and Asilus crabroniformis T. He illustrated 
the organs of Asilus. Dufour thought, in opposition to Loew (1841), 
that the spermathecae were ‘‘sebific” glands and that the accessory 
glands were the sperm receptacles. 

The female reproductive organs of asilids consist of two large 
ovaries, the lateral oviducts which unite into a common oviduct leading 
to the vagina, a pair of accessory glands, and the spermathecae. 

Ovaries.—(Pl. VII, figs. 50 and 53). The ovaries are large and 
elongate, and consist of numerous ovarioles. They taper toward the 
anterior end where the tips of many of the ovarioles come to a point. 
The anterior end of each ovary is attached to the dorsal membrane by 
means of a suspensory ligament. This ligament is not formed by the 
union of the terminal filaments of the ovarioles, but it is a continuation 
of the peritoneal sheath which envelops each ovary. The two lig- 
aments do not unite to form a median filament but are inserted sep- 
arately. The ovaries are also held in position by the tracheae which 
penetrate between the ovarioles. There are usually fifty or more 
ovarioles in each ovary of all the species studied. Melin (1923) found 
that eggs of a smaller species (Laphria flava) were larger and fewer in 





EXPLANATION OF PLATE VII 

Fic. 47. Erax, Malpighian tubule. 48. Asilus, cross section of Malpighian 
tubule. Camera lucida. 49. Erax, cross section of Malpighian tubule. Camera 
lucida. 50. Proctacanthus, female reproductive organs, right ovary removed. 
51. Asilus, wall of lateral oviduct. Camera lucida. 52. Proctacanthus, longi- 
tudinal section of an ovariole. 538. Erax, cross section of ovary near anterior end. 
Ac. Gl., accessory gland; B. M., basement membrane; Cho., chorion; Clx., egg 
calyx; C. M., circular muscle; E. Cl., egg cell; E. Nu., egg nucleus; Ep., epithelium; 
F. Ep., follicular epithelium; Fol.,, young follicle; Fol., older follicle; Grm., 
germarium; Jnt., intima; L. M., longitudinal muscle; Mus., musculature; Nr. Cls., 
nutritive cells; Nr. Cls.., remnants of nutritive cells; Od. C., common oviduct; 
Od. L., lateral oviduct; Pig., pigment granules; Pt. S., peritoneal sheath; Spt., 
spermatheca; Spt. D., spermathecal duct; Spt. Gi. (?), spermathecal gland (?); 
St. Br., striated border; T. P., tunica propria; Tr., trachea; Vag., vagina. 
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number than those of a larger species (Laphria gibbosa), but that 
difference was not found between the largest species (Proctacanthus) 
and the smallest species (Asilus) included in this study. All ovarioles 
together with the egg calyx of each ovary are enclosed in a common 
peritoneal sheath which shows scattered nuclei and muscle fibers. 

The ovarioles of an ovary are attached serially in an alternating 
arrangement to the calyx of the lateral oviduct. Each ovariole consists 
of three parts: the pedicel, the egg tube, and the germarium (Pl. VII, 
fig. 52). There is no thread-like terminal filament which is a condition 
not uncommon among Diptera (Keuchenius, 1917). The pedicel is a 
short, hollow stalk which attaches the ovariole to the calyx of the lateral 
oviduct. Until the first egg is laid, the pedicel is closed at its upper 
end next to the egg tube by a plug of epithelial cells. The egg tube is 
the main part of the ovariole and is made up of four or more distinct 
egg chambers each of which is separated from the next ones by distinct 
constrictions of the egg tube. The egg chamber just above the pedicel 
is much larger than the next, but thereafter the others gradually dimin- 
ish in size toward the tip of the ovariole. The germarium, or end 
chamber, is the pointed end of the ovariole beyond the last egg chamber. 
It contains primary oogonia. 

Surrounding each ovariole is a thin, structureless membrane, the 
tunica propria. Each of the more mature egg chambers is lined by a 
follicular epithelium consisting of small columnar cells, but this fol- 
licular epithelium has not been formed in the more distal and more 
immature egg chambers, which contain undifferentiated cells and are 
surrounded only by the tunica propria. 

The ovarioles of the asilids are of the polytrophic type which is the 
condition to be found in all Diptera according to Gross (1903). In the 
asilids the nutritive cells and oocytes occur together in the same 
chamber and are surrounded by the same follicular epithelium. 

Oviducts—(P1. VII, figs. 50, 51, and 53). The egg calyces are 
modified anterior extensions of the lateral oviducts. They are long in 
asilids and lie on the ventral side of each ovary. Back of the ovaries 
the oviducts continue for a short distance and then unite with the 
common oviduct which leads to the vagina. The common oviduct 
and lateral oviducts are alike in histological structure. The oviduct 
wall is composed of a low epithelial layer which is much folded except 
when an egg is passing through that part of the oviduct. The epithelium 
is lined with a thin intima. The musculature consists of an internal 
layer of small, closely set, longitudinal fibers surrounded by a thin 
layer of circular fibers. The egg calyces show very much the same 
musculature as the remainder of the oviducts except that the circular 
muscles appear reduced. 

Spermathecae—The spermathecae, or sperm receptacles, have a 
certain basic structure in asilids, but as to form there is a great variation 
among the species. All consist primarily of chitinous lined sacs or 
tubes which contain the stored sperms. They open into the dorsal 
region of the vagina by chitin lined ducts. 

The spermathecae of Asilus and Promachus are similar to those of 
Dasypogon cinctus Meig. and Dioctria rufipes as drawn and described by 
Loew (1841), and to those of the species named above which Dufour 
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(1851) described. Sturtevant (1925-26) found similar spermathecae 
in Atomosia sp. and in Dasyllis sp., and Reichardt (1929) described the 
spermatheca as being three branched in Machimus atricapillus, Asilus 
trifarius, and Laphria flava. The spermathecae of Asilus and Pro- 
machus are three long tubes with their tapered ends coiled together in a 
‘compact mass (Pl. VIII, figs. 54, 55, 60 and 61). All three of the 
spermathecae are enclosed in a common peritoneal membrane. There 
is no distinct division into a receptacle and a duct, but internally the 

hitinous intima becomes thicker, narrowing the lumen, toward the 
proximal end. The stratified intima is brightly colored and shows 
through the other layers giving the spermatheca a pinkish or yellowish 
iridescence. The sperm form a compact mass in the lumen (PI. VIII, 
figs. 56 and 65). 

The epithelium of the spermathecae is composed of cylindrical cells 
and is glandular in nature. Each cell contains a large rounded vacuole 
which stains quite uniformly and appears to be demarked from the 
remainder of the cytoplasm by a membrane. Reichardt (1929) found 
these vacuoles communicating with the lumen through minute chitinous 
tubules, and the chitinous lining of the spermathecae has been described 
as having minute pores in other Diptera (Keuchenius, 1917). In 
Promachus pigment granules are present in the inner ends of the cells 
next to the chitinous lining. This pigmentation is evidently responsible 
in part for the pinkish color, but these pigment granules were not found 
in Asilus in which the spermathecae have a more yellowish tinge. 

Each spermatheca in Promachus is surrounded by muscular fibers 
which go very nearly to the distal end. These muscles are very small, 
but are quite distinct and consist of closely arranged longitudinal fibers 
with infrequent circular fibers. These muscles were not found in A silus. 

In Proctacanthus the spermathecae are two ovoid bodies (PI. VII, 
fig. 50). Sturtevant (1925-26) also found only two spermathecae in 
Proctacanthus sp., but he thought there were probably three present and 
that he had missed the third one in his dissection. The chitinous cap- 
sule is dark brown and shows through the thin covering of epithelium 
and peritoneal membrane. The epithelium is composed of higher cells 
at the proximal end and is thus less transparent giving the sperma- 
theca the appearance as described by Tullock (1906) for Stomxys of 
‘“‘resembling the fitting of an acorn cup.” 

The proximal part (i. e., next to the vagina) of the spermathecal 
luct is a straight tube larger in diameter than the convoluted distal part 
Pl. VII, fig. 50). The proximal part ends anteriorly in a blind pouch 
which appears as a knob-like enlargement externally, and the distal 

part opens into the proximal part below the pouch. The proximal part 
of the duct has a columnar epithelium of small cells lined internally by a 
thick, stratified intima and surrounded by several layers of cells which 
are all evidently muscles although they are indistinctly striated (PI. 
VIII, fig. 62). These muscles are principally circular in arrangement, 
but there are scattered longitudinal fibers which lie for the most part 
near the epithelium. The pouch may serve as a glandular structure or 
it may function as a sperm pump since it is surrounded by the same mus- 
culature and has the same histological structure as the remainder of the 
proximal part (PI. VIII, fig. 64). For a very short distance above the 
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pouch the distal part of the duct is surrounded by muscle fibers, but the 
remainder is surrounded only by a peritoneal membrane (PI. VIII, fig. 
63). This part of the duct is quite similar to the spermathecae of A silus 
and Promachus in having a glandular epithelium showing vacuoles of 
secretion, but neither the epithelium of the proximal part of the duct, 
nor that of the spermathecae shows these vacuoles (Pl. VIII, fig. 66). 

In Erax there are three spermathecae similar in structure to those of 
Proctacanthus, but they are more elongate with pointed distal ends (PI. 
VIII, figs. 57 and 58). The ducts are filiform and throughout their 
length they are comparable in histological structure to the distal part of 
those of Proctacanthus. 

Accessory glands.—One pair of accessory glands is found in all 
species. These are slender, tubular glands which open into the dorsal 
region of the vagina a short distance behind the openings of the 
spermathecal ducts. 

The accessory glands of Promachus are long with several loops (PI. 
VIII, fig. 54). Near their proximal end each is slightly swollen and has 
a transparent yellowish appearance. Behind this swollen portion 
there is an abrupt narrowing into a smaller duct. The accessory 
glands of Asilus, Erax, and Proctacanthus are considerably shorter than 
those of Promachus, and in these the glands are larger at their free ends 
and gradually diminish in diameter to their point of attachment (PI. 
VII, fig. 50, and Pl. VIII, figs. 57 and 60). 

The accessory glands of all the species have the same sort of 
structure (Pl. VIII, fig. 59). The epithelium is composed of rounded 
cuboidal cells covered on the outside by a peritoneal membrane and 
lined internally with a thin chitinous intima. The lumen is filled with a 
material which sometimes appears reticulated and sometimes solid. In 
the latter appearance it has a close resemblance to chitin. No muscles 
were found on the accessory glands. 


INTERNAL MALE ORGANS OF REPRODUCTION 


Dufour (1851) described and illustrated the gross anatomy of the 
male reproductive organs of three species of Asilidae: Asilus crabroni- 
formis T., Dasypogon teutonus F., and Laphria fulva Meig. He found 
that the testes of Laphria do not resemble externally those of the other 


EXPLANATION OF PLATE VIII 

Fic. 54. Promachus, spermathecae and accessory glands. 55. Promachus, 
single spermatheca. 56. Promachus, cross section of spermatheca below coiled 
portion. Camera lucida. 57. Erax, spermathecae and accessory glands. 58. 
Erax, single spermatheca. 59. Erax, cross section of female accessory gland. 
60. Asilus, spermathecae and accessory glands. 61. Asilus, single spermatheca. 
62. Proctacanthus, cross section of spermathecal duct from portion next to the 
vagina. 63. Proctacanthus, cross section of spermathecal duct from portion next 
to the spermatheca. Camera lucida. 64. Proctacanthus, longitudinal section 
of spermathecal duct in region of enlargement. 65. Asilus, cross section of sper- 
mathecae in coiled portion. Camera lucida. 66. Proctacanthus, wall of sperma- 
theca. Camera lucida. Ac. G/., accessory gland; B. M., basement membrane; 
C. M., circular muscle; Ep., epithelium; Jnt., intima; L. M., longitudinal muscle; 
Od. C., common oviduct; Od. L., lateral oviduct; Pt. M., peritoneal membrane; 
Sec., secretion; Spt., spermatheca; Spt. D., spermathecal duct; Spz., spermatozoa; 
Vag., vagina. 
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two species in that they are covered by a common, scrotum-like struc- 
ture, but that inside this covering the two testes were coiled as in the 
other a Se eee ee ee 
otherwise his drawings and descriptions fit very closely the similar 
organs of the species included in this study. Cholodkovsky (1892) 
desc ribed spermatogenesis and the histology of the internal mz ile organs 
of the genus Laphria. He later (( Cholodkov sky, 1905) made a compar- 
ative study of the testes of Diptera in which he included studies on 
three species of Laphria and several species of Asilus. His works con- 
firm Dufour’s descriptions of the unusual scrotum of Laphria. Reich- 
ardt (1929) described the internal male organs of the same three species 
named above for which he described the female organs. 

In Asilidae the internal male organs of reproduction consist of four 
kinds of organs: the testes, the vasa deferentia, the ejaculatory duct, 
and the accessory glands. 

Testes.—(P1. IX, figs. 67 and 68). The testes are a pair of long, 
nearly filiform, tubular organs compactly coiled in a spiral fashion in the 
last few abdominal segments beside and below the rectum. Each testis 
uncoiled is approximately as long as the body length. The testes are 

‘onspicuous organs because of the pigmented sheath which invests them. 
This sheath is br ight red in Erax, Proctacanthus, and Promachus, but in 
Asilus it is yellowish brown. The amount of pigmentation varies with 
individuals and appears to become more intense with age. The free 
ends of the testes are rounded, somewhat swollen, and extend forward 
for a short distance beyond the compact coils; this swollen free end is 
generally more lightly pigmented than the remainder of the testis. The 
testes are well supplied with tracheae and are enclosed in layers of fat 
tissue. There are no suspensory ligaments, but they are held in position 
by the tracheae and fat tissue. 

Two layers make up the wall of the testis. These have been desig- 
nated by Keuchenius (1913) the tunica externa and the tunica propria. 
The tunica externa contains scattered nuclei and is the layer which con- 
tains the pigment granules that give the testes their vivid coloring. 
Although the basement membrane can be seen quite clearly in some 
sections, the pigment granules generally do not have the appearance of 
being limited by a membrane. The tunica externa is somewhat loosely 
connected with the underneath layer from which it is easily separable. 
In fact, when there is a great amount of fat present in preserved spec- 


EXPLANATION OF PLATE IX 

Fic. 67. Promachus, male reproductive organs. 68. Proctacanthus, male 
reproductive organs. 69. Asilus, cross section of male accessory gland. Camera 
lucida. 70. Promachus, cross section of testis in region of apical cell. 71. Erax, 
cross section of ejaculatory duct. Camera lucida. 72. Erax, cross section of 
testis in region of spermatids. Camera lucida. 73, 74, 75. Proctacanthus, cross 
sections of male accessory gland. 76. Proctacanthus, cross section of testis in 
region of spermatocysts. Camera lucida. 77. Promachus, cross section of testis 
in region of mergence into vas deferens. Camera lucida. Ac. Gl., accessory 
gland; B. M., basement membrane; Cy. C/s., cyst cells; Ej. D., ejaculatory duct; 
Ep., epithelium; Jnt., intima; Mus., muscular layer (?); Nu. Cl., nutritive cell; 
Pt. M., peritoneal membrane; Spds., spermatids; Spg., spermatogonium; Spz., 
spermatozoa; T. E., tunica externa; Tes., testis; T. P., tunica propria; V. D., vas 
deferens. 
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imens, it is difficult to remove the testis without this layer adhering to 
the fat tissue. 

The inner layer, or tunica propria, varies in structure from the 
anterior to the posterior end. In the anterior end and throughout 
most of the extent of the testis the tunica propria is a thin sheath with- 
out apparent cellular structure, but in the posterior part of the testis 
where it is merging into the vas deferens the tunica propria becomes an 
epithelial layer with definite nucleated cells (Pl. IX, fig. 77). 

The testes of asilids are of particular interest to the study of sper- 
matogenesis because of the presence of an apical cell in the adult stage. 
This apical cell is a large spermatogonial region in the swollen distal end 
of the testis. This region consists of a central group of giant nutritive 
cells surrounded by spermatogonia (Pl. IX, fig. 70). Verson (1889) 
described such a cell in the immatures of Lepidoptera (Bombyx mori in 
particular), and in the Lepidoptera, as well as other orders, it has been 
termed the Versonian, or Verson’s cell. Cholodkovsky (1892) in work- 
ing with the genus Laphria found this same region in the adult stage of 
this robber fly. He and Grundberg later termed this group of cells as 
the apical cell, as he stated in a later paper (1905) on the testes of 
Diptera. In this later paper Cholodkovsky described the apical cell as 
it occurs in three species of Laphria and in Asilus sp. He says the testes 
of asilids serve as excellent objects for the study of spermatogenesis 
since all the stages of spermatogenesis can be found in the testis of the 
adult. Metz and Nonidez have studied spermatogenesis in the Asilidae 
and they say (1923) that the early growth stages of the spermatocyte 
are represented in an unusually clear-cut fashion and that all the suc- 
cessive stages of spermatogenesis from spermatogonia to spermatozoa 
are represented in serial order down the long testis of a single specimen. 
(For references to their other papers see Metz and Nonidez, 1924). 

Immediately behind the apical cell is a region of spermatogonia and 
behind these the spermatogonia are enclosed in a sperm cyst (Pl. [X, 
fig. 76). Then down the long testis are successive regions of sperma- 
tocytes, spermatids, and spermatozoa. The cyst cells have degenerated 
in the region of the spermatids (PI. IX, fig. 72), and have disappeared in 
the region of the spermatozoa, but the spermatozoa of each cyst still 
remain collected together into distinct bundles. Each bundle consists 
of numerous spermatozoa lying lengthwise in the testis with their heads 
oriented toward the distal end of the testis. 

Vasa deferentia.—The vasa deferentia are not distinctly separate 
organs in the asilids but the last few coils of the testes may be considered 
as such. Hewitt (1914) in describing Musca domestica says that the 
pointed end of each testis is continued as a fine vas deferens. Minchin 
(1905) gives a somewhat similar description for Glossina palpalis. The 
vas deferens of asilids is considerably smaller in diameter and has less 
pigmentation than the testis. The vas deferens has the same layers of 
the wall as the testis (Pl. IX, fig. 77). The tunica externa is generally 
thinner and less pigmented than that of the testis, but the tunica 
propria is thicker and consists of a well-developed cuboidal epithelium. 
Cholodkovsky (1892) says that parietal epithelium is not present in the 
testis except in the region of transition into the vas deferens where the 
epithelium is at first low and then gradually becomes higher. There is 
no muscular layer on the vas deferens. 
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The two vasa deferentia and the two accessory glands connect with 
the ejaculatory duct at the same point in Asilus, Erax, and Procta- 
canthus (Pi. LX, fig. 68), but in Promachus each vas deferens opens into 
the corresponding accessory gland some distance from their union with 
the ejaculatory duct (PI. IX, fig. 67), or it might be that the ejaculatory 
duct is bifurcate at its distal end and that each fork extends to the 
opening of the vas deferens of that side. Snodgrass (1935) states that 
the anterior end of the ejaculatory duct is frequently forked, especially 
when there are accessory glands which arise from it. 

Ejaculatory duct.—The ejaculatory duct, since it receives the open- 
ings of the vasa deferentia and accessory glands and leads into the 
adeagus, serves as the common exit duct for all the internal male organs. 
It is a short tube with one or a few loops and is small in diameter. In 
several species of Diptera the ejaculatory duct has been described as 
crossing the rectum dorsally, but in the asilids included in this study it 
was found below the rectum in every case. 

The epithelium is made up of columnar cells of varying heights rest- 
ing on a basement membrane (PI. IX, fig. 71). This is lined internally 
with a thick chitinous intima. The lumen may be variously shaped and 
narrowed with the different species and with different sections of the 
same individual. External to the epithelium there is a thick coating of 
cells containing nuclei. They are arranged like circular muscles and 
perhaps are such, but no striations could be seen in them. Cholodkovsky 
(1892) considered this coating as a thick stratified membrane in Laphria, 
and Reichardt (1929) described a thick, connective tissue membrane 
surrounding the epithelium. 

Accessory glands.—(P\. IX, figs. 67 and 68). The male accessory 
glands are a pair of small greatly coiled tubes that are filiform through- 
out their length. Each lies beside and partially below the last several 
coils of the testis of that side. 

The epithelium of the accessory glands is composed of columnar 
cells resting on a basement membrane (PI. IX, fig. 69). In most cases 
the epithelial cells are rather uniform in height and with their nuclei 
located near the outer ends, but they may vary in height and the lumen 
of the tubes may be irregularly shaped as in Proctacanthus (P1. IX, fig. 
73-75). Cholodkovsky (1892) stated that these epithelial cells are here 
and there higher and form a large number of prominent, longitudinally 
elevated glands in the lumen. A thin intima lines the epithelium, but 
it is generally very difficult to distinguish. Reichardt (1929) found no 
intima in the male accessory glands. There is a thick nucleated peri- 
toneal sheath surrounding the accessory glands of Erax, Proctacanthus, 
and Promachus, but in Asilus there is a thinner peritoneal membrane. 
No muscular fibers were found on the accessory glands. 


ORGANS OF CIRCULATION 


The organs of circulation consist of the dorsal vessel and the dia- 
phragms. The dorsal vessel is made up of two distinct parts, the heart 
lying wholly in the abdomen and the aorta beginning in the abdomen 
and extending into the head. Both dorsal and ventral diaphragms are 
present. In connection with the organs of circulation the pericardial 
cells and the corpus allatum will be briefly described. 
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Heart.—(Pl. X, fig. 78). The heart lies in the mid-dorsal line of 
the abdomen between the body wall and the dorsal diaphragm. The 
heart is supported as in other insects by the dorsal diaphragm with its 
alary muscles. The heart is connected to the dorsal diaphragm below 
and the body wall above by delicate fibrillar extensions of its wall (PI. 
XI, fig. 87), which Popovici-Baznosanu (1905) described as being elastic 
in nature. Surrounding the heart are numerous pericardial and fat 
cells. Tracheae extending across the heart are found in each abdominal 
segment. 

The heart is a slightly flattened, tubular organ extending from the 
first to the eighth (last visible dorsal segment of males) abdominal 
segment where it ends in a closed tapered point. The heart does not 
show distinct chambers, but in each segment there is a slight enlarge- 
ment into which the ostia open. There are no interventricular valves 
as have been described for some Diptera (Brown, 1910, and others). 

The wall of the heart is a muscular layer lined internally with a very 
delicate membrane and covered externally with a slightly thicker mem- 
brane. These membranes are difficult to distinguish in a cross section 
(Pl. XI, fig. 85), but in a longitudinal section they can be seen enclosing 
the muscular bands between them (PI. X, fig. 79). Graber (1873) termed 
the outer membrane ‘‘adventitia” and the inner one ‘‘intima.’’ The 
muscle fibers are arranged in broad flat bands that run spirally around 
the heart. Newport (1839) in describing the heart of Asilus crabroni- 
formis observed ‘‘the fibers of the heart crossing each other in an oblique 
direction,’’ and others have since given a similar description of crossing 
fibers in the heart. Because of the transparency of the heart these 
muscle bands appear to cross each other in an interlacing fashion, but 
when studied more closely it can be seen that the bands in the dorsal 
wall are all going in one direction while those of the ventral wall are all 
going in a crossing direction (Pl. XI, fig. 86). Definite cell endings 
have been found in the heart of other insects (Zawarzin, 1911; and 
Wettinger, 1927), but in the asilids endings of the muscle bands could 
not be seen except in the region of transition between the heart and the 
aorta. The spiral arrangement is continuous throughout the length 
of the heart even to the short, tapered posterior part behind the eighth 
pair of ostia. The nuclei of the muscle fibers are regularly spaced down 
each side, with the nuclei of one side belonging to the dorsal bands and 
those of the other to the ventral bands of fibers. The nuclei are very 
large and show two regions, an outer clear area and an inner area con- 
taining the chromatin material (Pl. XI, fig. 85). 

The ostia are paired slit-like openings occurring in each segment, 
or a total of eight pairs. The last pair occur almost at the end of the 


EXPLANATION OF PLATE X 

Fic. 78. Proctacanthus, dorsa’ vessel. 79. Proctacanthus, longitudinal sec- 
tion of heart through a pair of ostial valves. 80. Proctacanthus, group of alary 
muscles, most of pericardial cells removed. 81. Proctacanthus, portion of ventral 
diaphragm. 82. Proctacanthus, longitudinal section of corpus allatum. Camera 
lucida. Al. Mus., alary muscle; Ht. Ch., heart chamber; Mb.;, membrane covering 
heart; Mb.2, membrane lining heart; Mus., muscle fiber; Ost., ostium; Ost. V/., 
ostial valve; P. C/., pericardial cell; Tr. M., tracheal membrane; V. N. C., ventral 
nerve cord. 
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heart. The ostia do not occur exactly opposite each other, but those of 
one side are slightly in front of their mates on the other. The muscle 
cells on each side of the ostia are modified and have smaller nuclei than 
the other cells. These nuclei are placed near the inner opening of the 
ostia (Pl. XI, fig. 86). No internal ligmants were found connected 
with the ostial valves. 

The first chamber of the heart is more expanded than the others and 
in it the ostia appear very nearly opposite each other. This first pair of 
ostial valves are larger than the succeeding ones. The width of this first 
chamber varies with the species and is especially expanded in Pro- 
machus (Pl. XI, fig. 83). 

Anterior to the ostia of the first abdominal segment there is a transi- 
tion region between the heart and the aorta in which the heart becomes 
gradually narrowed (Pl. XI, fig. 83). 

Aorta.—The aorta begins in the first abdominal segment and runs 
forward as a narrow and uniform tube through the thorax and neck 
into the head where it becomes slightly narrowed and appears to end 
behind the brain. There is no dorsal membrane nor alary muscles sup- 
porting the aorta, but it lies on the dorsal side of the thoracic stomach 
and oesophagus to which it is rather firmly attached. There are no 
ostia in the aorta. 

The muscle fibers of the aorta present an unusual appearance. With 
casual observation the fibers appear to radiate out from the large nuclei, 
but although the arrangement is not so obvious as in the heart, the 
fibers have a loose spiral arrangement which is shown diagrammatically 
in Fig. 84, Pl. XI. The nuclei have an alternate arrangement and the 
fibers in passing over them are more compactly grouped becoming 
separated in between successive nuclei. 

Diaphragms and sinuses. The dorsal diaphragm is composed of a thin 
membrane supported by small muscles, the alary muscles, arranged in 
eight pairs (Pl. X, fig. 78). A group of alary muscles is attached to the 
tergum of each abdominal segment on each side of the body. They are 
larger at their point of attachment becoming separated into smaller 
fibers toward the heart as they spread out fanwise into the membrane 
(Pl. X, fig. 80). The dorsal diaphragm incompletely shuts off the dorsal, 
or pericardial, sinus from the visceral sinus, but the semi-circular open- 
ings between successive groups of alary muscles allow free circulation 
between the two sinuses. 

Numerous pericardial cells and fat cells are found in the pericardial 
sinus (Pl. XI, fig. 87). The pericardial cells lie on the dorsal membrane 
in wide groups on each side of the heart. The pericardial cells are large 
oval cells each of which generally contains two nuclei which are well 

EXPLANATION OF PLATE XI 

Fic. 83. Promachus, first heart chamber with part of aorta. 84. Procta- 
canthus, portion of aorta. 85. Proctacanthus, wall of heart. Camera lucida. 
86. Proctacanthus, portion of heart with part of dorsal wall removed to show the 
ventral wall. 87. Proctacanthus, cross section of heart and dorsal diaphragm. 
D. M., dorsal membrane; Fb., fibrillar extension of heart wall; F. Cls., fat cells; 
M. B.,, membrane covering heart; M. B.., membrane lining heart; Mus., muscle; 
Mus. V1., muscle of ostial valve; Nu., nucleus; Nu. V/., nucleus of valvular muscle; 
Ost. V1., ostial valve; P. Cl., pericardial cell. 
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separated (Pl. X, fig. 80). They generally lie with their long axis parallel 
to the heart so that in a cross section only one nucleus appears. Hollande 
(1922) says that they have a merocrine secretion and that they neutral- 
ize the excess alkalinity of the blood as well as aiding in the excretion 
of albuminoids. 

The ventral diaphragm is similar in structure to the dorsal dia- 
phragm except that the muscle fibers are smaller and are more nearly 
parallel in arrangement (Pl. X, fig. 81). It lies just above the ventral 
nerve cord and is a more or less continuous sheet throughout the 
abdomen. It shuts off the ventral, or perineural sinus, from the 
visceral sinus. In addition to the nerve cord the ventral sinus contains 
large masses of fat tissue. 

Corpus allatum.—A single corpus allatum is attached to the dorsal 
side of the aorta between the salivary glands in the most anterior part of 
the thorax. It is a compact cellular mass which is ellipsoidal in form 
(Pl. X, fig. 82). The cells on the periphery are larger and have more 
distinct cell walls than those in the center of the body. The cells are 
enclosed by a thin membrane. The fact that there is a single corpus 
allatum is of some interest in that Nabert (1913) found, as in most 
insects, paired corpora allata in Tipula which was the only species of 
Diptera described by him. Minchin (1905) described a cushion-like 
mass of cells lying above the aorta of Glossina which he thought was 
some sort of lymphatic gland, but this was perhaps a single corpus 
allatum. A single corpus allatum has been described for three other 
flies (Day, 1934). 

The corpora allata have been variously named in literature (Wet- 
tinger, 1927), and various functions have been ascribed to them. Day 
(1943) says that the corpus allatum has some influence on the metab- 
olism of the insect and that many tissues are affected by it. Zee and Pai 
(1944) say that the corpora allata are holocrine in secretion and that they 
are no longer traceable in the adult. What is here described as a corpus 
allatum would probably be the corpus cardiacum as described by them. 
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REVISTA CHILENA DE HISTORIA NATURAL PURA Y APLICADA, 
published by the Chilean Society of Natural History, Professor Francisco 
Reveros Zuniga, Director, Santiago de Chile. Anos XLVI-XLVII, 1942-43. 

This volume is devoted principally to a catalogue of the fishes of Chile by 

Henry W. Fowler, but among other articles includes several on insects. These are: 

Contribuciones al Conocimiento de los Scarabaeidae Chilenos, la Tribu Lipar- 

entrini (Melolonthinae), by Ramon Gutierrez; Consideraciones Zoogeograficas 

de los Midasideos Chilenos, by Rodolpho Wagenknecht Huss; Observaciones 
sobre la Biologia del ‘‘Gusano de los Penachos'’ Notholophus (Orgyia) Antiqua 

L. en Chile, by Hector Pairoa Epple; Un Predator de Importancia que Frecuente- 

mente se Olvida. Coccinella ancoralis Germ. (Col. Coccinellidae), by Juan M. 

Borg; Apidologia Chilena, Segunda Parte, Subfamily Colletinae, by Flaminio 

Ruiz Pereira; Sobre la Importancia Economica de las Especies Chilenas del Genero 

Dichroplus Stal (Orth. Acrid. Cyrtacanth). con Algunas Consideraciones Acerca 

de su Biogeografia, by Jose Liebermann and Ropalaceros de Satipo (Peru) by 

Emilio Ureta, which is only a list of species.—A. W. L. 





THE LARVAE OF THE GENUS NOSODENDRON LATR. 


(Coleoptera, Nosodendridae) 


WM. P. HAYES anp H. F. CHU, 


University of Illinois* and National Academy of Peiping, China 


The genus .\osodendron Latr. (Dendrodipnis Woll.) is found wide- 
spread over the world. Lucas (1920) in his Catalogus Coleoptorum gives 
the distribution as Europe, Japan, Sumatra, New Guinea, New Zealand 
and the Americas. Only two species have been described from North 
America and one from Europe. The genus was formerly placed in the ° 
family Byrrhidae (Pill Beetles) but in recent years has been considered 
as a separate family, Nosodendridae. 

The adult beetles have been taken under bark and around the flow- 
ing sap of old elm and alder trees and the larvae are usually found in the 
same ple ss with the beetles. Blatchley (1910, p. 672) records the 
occurr of .. unicolor adults in Indiana from April 22 to July 4. 
The aa. f V. californicum (fig. 15) are small rounded-oval, strongly 
convex beetles about five mm. long. They are black, somewhat shining 
and rather densely and coarsely punctate. Larvae of this genus are 
thought to be predators on dipterous larvae. 

The larva of the only European species N. fasciculare Ol. was early 
described by Chapuis and Candéze (1853) and later a better and more 
exact description was published by Dufour (1862). Laboulbéne (1862) 
concerned himself with a discussion of the spiracles of the larva but 
failed to describe the etghth or terminal spiracle. He mistakenly thought 
that the two large tu, ercles located dorsally near the base of the ter- 
minal segment were spiracles. Ganglbauer (1904, Vol. 4, pt. 1, p. 89-90) 
has given us our most recent description of this European larvae and 
adult although Kuhnv’'(1913, p. 1124) has more recently figured the 
larvae of this species. 

Our two American species, N. unicolor Say found in the eastern 
states, and N. californicum Horn from the western states, have not 
been described in the larval stage although Béving and Craighead 
(1931, pl. 66) have illustrated some of their morphological character- 
istics but have not described them. The pupae have not been described 
for any species as far as the authors are aware, and no specimens are 
available in the U. S. National Museum Collection. 

Larvae of N. unicolor, believed to be nearly full grown, in possession 
of the writers, were collected in fungi on a dying elm tree, June 16, 
1939, at Urbana, Illinois. A single specimen in the Illinois State Nat- 
ural History Survey Collection was taken at Chicago, Illinois, in ‘‘old 
Cossus borings in Silver Leafed Poplar’ by E. G. Titus, September 20, 
1901. Through the kindness of Dr. C. F. W. Muesebeck of the Insect 
Division of the U. S. Bureau of Entomology the specimens of N. uni- 
color and N. californicum present in the U. S. National Museum 


*Contribution No. 246 from the Entomological Laboratories of the University 
of Illinois. 
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Collection were loaned to the writers for this study. In this material 
the following specimens were available: 

N. unicolor.—One larvae in sap oozing from willow “Victoria Jx,” 
April 11, 1913, J. D. Mitchell Coll. Det. R. A. St. George; five larvae 
labeled Nosodendron sp. from “Hubbard No. 573,”’ no date; seven 
larvae labeled Nosodendron sp. from sap of elm, Detroit, Michigan, 187, 
‘Hubbard 559”’; four larvae labeled Nosodendron sp. No. 2201 box 10, 
div. 3, Michigan? These unidentified specimens are all N. unicolor. 

N. californicum.—Four larvae and one adult from sap at wound on 
white fir, May 10, 1915, Ashland, Oregon, H. G. Champion; one larva 
and two adults with no data. 

Since no description of larvae of our American species exists, it is 
thought desirable to describe the larva of N. unicolor and make com- 
parisons with JN. californicum and with the better known European 
N. fasciculare. 

Nosodendron unicolor Say 

Larval Size and Number of Instars—Nothing is known of the life 
history of the species of Nosodendron. The writers have been unable to 
find any mention in the literature of any recorded rearings. Therefore, 
one is only able to speculate as to the number of instars. Most of the 
larvae available are apparently full grown. These have a body length 
varying from 9.5 to 10.2 mm., with a head width of 2-2.1 mm. Among 
specimens received from the U. 5. National Museum there are larvae 
of five different sizes. Each of these apparently represent a different 
instar, making at least five instars. The body length and width of head 
of the various instars are found in the following tabulation: 


TABLE I 


Size of Larval Instars in N. Unicolor 


Body Length Head Width 
Instar in mm. in mm. 
Ne cc sin ww Se 3. 0.7 
Second......... 4.8 1.1-1.2 
MING. bess ccm e 5.5 1.55 
Fourthi........... 8.5 1.80 
PMs cic nsen ais 9.5-10.2 2.-2.1 





The principal differences in the various instars seem to be in the 
matter of punctation and the position of the spiracles. The first instar 
has the head and prothorax less strongly punctured than the other 
body segments but this difference is not noticeable in the second instar. 
It is difficult to determine the presence of ocelli in the first and second 
instars, although they are present, but they are quite evident in the 
third and later instars. The first instar larva apparently has but two 
pairs of functional spiracles. There is only one dorsal pair on the first 
abdominal segment and one pair on the distal end of the last abdominal 
spiracle. 

The Head.—Dorsal Aspect. The head (fig. 12) is much wider than 
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long. It is densely covered with minute, brown tubercles (fig. 5) which, 
under high magnification, seem to be provided with a clear central 
area. The entire surface of each tubercle is covered with minute 
spinulae. Near the meson and caudally the tubercles are arranged in a 
reticulated network enclosing a number of smooth circular areas. 

There is an epicranial suture (ES) that lacks the epicranial stem. 
Near the anterior-lateral margin of the head are located five ocelli (OC). 
They are clear, colorless and raised slightly above the surrounding 
surface. The anterior ocellus is far enough laterad to be seen from the 
ventral surface and is just behind the base of the antenna. The others 
are more dorsally and caudally located and arranged in a subquadrate 
group. Because of their clear coloration they may be easily overlooked 
and are difficult to see in the early instars. 

The front and clypeus (FC) are fused into a single area by the 
absence of a fronto-clypeal suture. A clypeo-labral suture (CS) sep- 
arates the labrum from the rest of the head. The labrum (L) is trap- 
ezoidal in shape and about one-half as long as the width at the base. 
The cephalic margin is emarginate and the cephalic and lateral margins 
bear a fringe of long setae. 

Ventral Aspect. Most of the ventral aspect of the head (fig. 13) is 
occupied by the maxillae (MX) and labium (LAB). The genae (G) are 
folded under the head to occupy the lateral regions. They are covered 
with the same cuticular nodules that are found on the dorsal aspect. 
Near the cephalo-lateral angle the anterior ocellus is to be seen. A 
curving longitudinal ridge on the gena extends caudo-laterally from the 
base of the mandibles to the back of the head and mesad of this ridge 
is a sloping area devoid of cuticular nodules. The ridge and mesal area 
are finely but densely setaceous. A membrance closes the area between 
the head and the labium. 

Antennae. The antennae (fig. 12, ANT) are located dorsally on the 
cephalo-lateral margin of the head. They are considered by Béving and 
Craighead (1931) as being three-segmented although Ganglbauer (1904, 
p. 89) calls them four-segmented. A large basal area looking like a basal 
segment is here considered to be a part of the head capsule. This basal 
area is as wide as long and somewhat conical in shape. It is the part 
considered as an antennal segment by Ganglbauer but not by Béving 
and Craighead. The writers feel that this basal structure is definitely 
not an antennal segment. The first segment, therefore, is the short 
bead-like segment which is about as broad as long and about one-half 
the length of the basal area. It is setaceous distally. The second 
segment is long, cylindrical and nearly three times as long as the first. 
A minute, third segment is almost globular and bears several, small, 
sensory processes. 

Labrum. The labrum (fig. 12, L) is roughly trapezoidal with its 
cephalic margin deeply emarginate and its latero-caudal angles extended 
into acute angles. Its cephalic margin bears a row of setae and the 
entire ectal surface is rather densely punctate. 

Epipharynx. The distal margin of the labrum (fig. 22) is deeply 
excised. This margin bears a row of dense setae which are about 
one-half the length of the lateral tufts of setae on the thorax and abdo- 
men. The lateral epipharynzeal area is membranous with several trans- 
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verse striated rows not quite reaching the lateral margin. The central 
area bears a chitinous Y-shaped sclerite that is non-setaceous. 

Mandibles. The two mandibles (fig. 14) are similar in shape and in 
dentation. They articulate with the head by three condyles. These 
have been termed by Béving and Craighead (1931) the dorsal condyle, 
the ventral condyle (VC) and the accessory ventral condyle (ACV). The 
dorsal condyle is small and articulates with a small acetabulum on the 
head capsule located at the lateral ends of the clypeo-labral suture 
The ventral condyle articulates in a socket on the gena just behind the 
antennae and the accessory ventral condyle likewise works on the genae 
somewhat farther caudad. The three condyles make up what is known 
as a tricondylic articulation. 

The scrobe (SB) is covered with small tubercles. There is a single 
large terminal tooth and the scissorial area (SR) is provided with a 
two-toothed retinaculum (RT). The distal tooth of the retinaculum is 
wider and about twice the length of the basal one. The molar area (M) 
is not adapted for grinding. Its margin is broadly rounded and provided 
with a cluster of setae (brustia). Caudally, the molar area extends 
into a broad, thin area which bears the accessory ventral condyle. The 
caudo-mesal margin is provided with a brush of fine setae. 

Maxillae. The cardo (fig. 17, CD) is triangular in shape and is 
apparently divided in two parts. A small, proximal, triangular area 
(SC) is often called the subcardo and a larger subquadrangular area is 
the so-called eucardo (EC). On the mesal margin of the two parts of 
the cardo is a membrane which attaches to the labium. This is the 
so-called labacoria of MacGillivray. The stipes (ST) is elongated and 
subrectangular. Its ventral aspect bears a longitudinal row of short 
setae. The ectal margin is enlarged somewhat to form a palpifer (PF) 


LIST OF ABBREVIATIONS 


ACV........accessory ventral condyle M .....molar area 

ANS........anal segment MD mandible 

ANT ..antenna MP maxillary palpus 

8 5655 ...cardo MT mentum 

ee MX maxilla 

See eeh cs clypeolabral suture OC ocellus 

Cm... coxa PF palpifer 

EC.........eucardo PGL.. paraglossa 

EPIM......epimeron Pips. pleuron 

EPIS.......episternum PLS pleural suture 

ES.. .epicranial suture PM ....prementum 

EST eusternum PST presternum 

BS. .frontoclypeus PSTL. poststernellum 

Biss. furcal pit RT retinaculum 

FUR femur SB scrobe 

a gena SC subcardo 

GA.. galea SM submentum 

ly... glossa SP ....Spiracle 

HS.. lateral sclerite of hypo- SR scissorial area 
pharynx ST stipes 

mae. hypopharynx TR trachea 

HYP. BR. .hypopharyngeal bracor TRO trochanter 

arate ac, labrum TT tibio-tarsus 

LAB labium TUB tubercle 


lacinia VC ventral condyle 
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EXPLANATION OF PLATE I 

Fig. 1. Nosodendron unicolor Say, full-grown larva, dorsal aspect. Fig. 2. 
Nosodendron unicolor Say, full grown larva, ventral aspect. Fig. 3. Nosodendron 
caulifornicum Horn, full-grown larva, dorsal aspect. Fig. 4. Nosodendron unicolor 
Say, probable 2nd instar larva. Fig. 5. A tubercle on dorsum of Nosodendron 
unicolor Say. Fig. 6. Nosodendron unicolor Say, probable Ist instar larva. 
Fig. 7. An abdominal spiracle of Nosodendron unicolor Say. Fig. 8. Nosodendron 
unicolor Say, probable 4th instar larva. Fig. 9. Nosodendron unicolor Say, prob- 
able 3rd instar larva. Fig. 10. Nosodensron californicum Horn, intermediate 
instar. Fig. 11. Nosodendron californicum Horn, intermediate instar. 
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which bears a three-segmented maxillary palpus (MP). The first seg- 
ment is small, being about as wide as long, the second is about twice the 
length of the first and somewhat enlarged distally. The third segment 
is about the length of the second and is somewhat pointed. It bears 
small, sensory structures on its distal end. The galea (GA) is shaped 
somewhat like a spatula with its distal end bearing a row of elongated 
setae. The lacinia (LC) does not seem to be separated from the stipes 
by a suture. It becomes gradually attenuated distally and its apex is 
terminated in two, small, claw-like hooks. A few very small setae 
occur on the mesal margin immediately proximad of the terminal hooks. 

Labium. The labium (fig. 13, LAB) is composed of three main 
sclerites. The submentum (SM) is about twice as wide as long, somewhat 
trapezoidal and with its caudo-lateral angles prolonged. The mentum 
(MT) is roughly quadrangular with its lateral margins somewhat 
rounded. The prementum (PM) is a single piece with its sides parallel 
and its anterior margin tapering distally to form two small lobes which 
are separated by a small angulate emargination. The distal margin 
bears a number of rather large, yellowish setae. 

Hypopharynx. The hypopharynx (fig. 16) located on the ental 
aspect of the labium, is a fleshy structure covered with sensory 
processes. The distal area, densely covered with setae and lying entad 
of the prementum, is regarded as the infolded glossae (GL). Caudo- 
laterad of the glossa on each side is a faintly striated area, roughly tri- 
angular in outline, that is considered the paraglossa (PGL) by Béving 
and Craighead. Meso-caudad of the paraglossae is a single triangular 
area that is the hypopharynx proper (HYP). Under high magnifica- 
tion the glossa is seen to be finely striated. Caudad of the hypopharynx 
is a pair of lateral sclerites (HS) connected by a transverse bridge. These 
sclerites make up the hypopharngeal bracon (HYP.BR.) of Boving and 
Craighead or the suspensorial plates and apodemal process of Snodgrass 
(1935, p. 115). 

Prothorax. The thorax (fig. 1) is the broadest part of the body. 
The prothorax on the dorsal surface is twice as long as either the meso- 
or metathorax. In width, the prothorax is about two times as wide as 
its length. Its dorsal surface is rather densely covered with the same 
small tubercles found on the head. These tubercles (fig. 5) are so 
spaced as to form a number of smooth, circular areas on the disk. On 
the anterior and posterior margins, the absence of tubercles produces a 
cephalic and caudal area that is quite smooth. The lateral margins 
each bear a row of rather long, yellowish setae. The prothoracic ster- 
num is divided into three parts. A transversely narrow, cephalic area, 
the presternum (fig. 2, PST), overlaps the ventro-caudal area of the 
head. A second larger area, the eusternum (EST) is defined by Boving 
and Craighead as ‘‘the anterior sternal area in front of the suture 
between the furcal pits.’ In this species, the furcal pits (FP) are 
evident as small slits meso-caudad of the coxal cavities and no distinct 
suture separates the eusternum from the region caudad of the pits 
which is the poststernellum (PSTL). A narrow, inflexed pleuron (PL) 
is separated from the sternum by a longitudinal curved suture. The 
coxae are articulated to the pleuron by a small coxal condyle. From 
the condyle, a short pleural suture (PLS) extends cephalo-laterad 
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EXPLANATION OF PLATE II 

Fig. 12. Nosodendron unicolor Say, dorsal aspect of head. Fig. 13. Nosodendron 
unicolor Say, ventral aspect of head. Fig. 14. Nosodendron unicolor Say, left 
mandible, ventral aspect. Fig. 15. Nosodendron californicum Horn, adult beetle. 
Fig. 16. Nosodendron unicolor Say, hypopharynx. Fig. 17. Nosodendron unicolor 
Say, right maxilla, ventral aspect. Fig. 18. Nosodendron unicolor Say, first three 
abdominal segments. Fig. 19. Nosodendron californicum Horn, first two abdom- 
inal segments. Fig. 20. Nosodendron californicum Horn, mesothorax. Fig. 21. 
Nosodendron unicolor Say, right prothoracic leg. Fig. 22. Nosodendron unicolor 


Say, epipharynx. Fig. 23. Nosodendron unicolor Say, last abdominal segment, 
ventral aspect. 
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toward the tergum dividing the pleuron into a small but distinct 
episternum (EPIS) and an epimeron (EPIM). 

Mesothorax. The mesothorax (fig. 1) on the dorsal surface is about 
one-half the length of the prothorax. It differs from the other thoracic 
segments in having a pair of conspicuous round spiracles (SP). Each 
spiracle is raised on a small protuberance and located near the cephalo- 
lateral angle. The three, transverse annulets found on the prothorax 
are also found on the mesothorax but the anterior region is interspersed 
with small tubercles and a row of larger tubercles connecting the two 
spiracles separates the anterior annulet from the larger middle annulet 
which is densely covered with tubercles, a few of which are arranged to 
produce a few, smooth, circular areas. The caudal, transverse annulet 
is smooth as in the prothorax. The pleural and sternal areas are 
similar to those of the prothorax. 

Metathorax. The metathorax differs little from the mesothorax. It 
does, however, lack the presence cf a pair of spiracles. The lateral 
margins of both the meso- and metathorax bear rows of long, yellowish 
setae. The lateral margins are not tuberculated as they are in the 
abdominal segments. 

Legs. (fig. 21). The three pairs of legs are about equal in length 
and made up of similar segments. The large coxa (CX) is moderately 
setaceous and has a row of larger setae near the distal end. The (ro- 
chanter (TRO) is triangular from the lateral aspect and its margin is 
densely setacecus. The femur (FUR) is cylindrical and about twice as 
long as wide. It bears a row of dense setae on its margin. The fibio- 
tarsus (TT) likewise is cylindrical and only slightly longer than wide. 
It is somewhat narrower than the femur and is separated from the 
claw (CL) by a distinct suture. 

Abdomen. The first seven abdominal segments are similar. Each 
becomes slightly narrower than the preceding segment. Dorsally 
(fig. 1) each is divided into three transverse areas. The anterior annulet 
has a few sparsely placed tubercles with a tendency for mcst of them 
to be arranged in a transverse row. The middle annulet is narrower 
than the middle annulets cf the thoracic segments and, like them, the 
tubercles have about the same density and some are arranged to form 
indistinct, smooth circular areas. The caudal annulet is narrow and 
without tubercles. The middle annulet in each of the first seven seg- 
ments bears a pair of raised spiracles (SP). These are located a short 
distance from the lateral margins which bear a lateral protuberance that 
carries a tuft of long, yellow setae. The lateral margins of the cephalic 
and caudal annulets are without setae on the first seven segments. In 
available drawings of the European JN, fasciculare, the dorsal abdominal 
tubercles appear to be arranged into six longitudinal rows of setae. 

On the ventral aspect (fig. 2) the first seven abdominal segments are 
similar. An inflexed portion of the tergum is separated from a narrow 
pleuron (PL) by a longitudinal suture and the pleuron is in turn sep- 
arated from the single sclerite sternum by another longitudinal suture 
Each sterna of segments two to seven has on the mid-ventral line, a 
small, transversely, oval area which appears as though it could be a 
glandular opening but which is probably the external evidence of an 
internal apodeme. 
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The eighth abdominal, or last, segment is equal in length to the 
two preceding segments. It becomes gradually narrowed to the caudal 
end where it terminates in three minute lobes. The two lateral lobes 
bear the last pair of spiracles (fig. 23, SP) which open between the 
lateral and median lobes. The lateral margins of the segment bear, 
near the base, two rounded protuberances on each side. These are 
densely covered with long yellowish setae. A row of shorter setae is 
located on the margin behind the protuberances. The dorsal surface 
of the segment is covered with conspicuous nodules, similar to those on 
the anterior segments. Some of these have a tendency to form longi- 
tudinal rows and others are so arranged as to form circular cleared 
areas. There are no dorsal protuberances near the base of the segment 
as described in the European JN. fasciculare and in N. californicum. 

The ventral aspect of the eighth segment is smoother than the 
dorsal aspect and has a row of small, setaceous tubercles near the lateral 
margins. The anal segment (fig. 2, ANS) is located near the base of 
the eighth segment. It is comp sed of two rounded lobes which 
surround the anal opening. 

Spiracles. The drawing of the larva of N. fasciculare by Chapius 
and Candéze (1853, pl. 3, fig. 6) shows no trace of spiracles and in their 
description (p. 106) the authors state that in spite of minute study they 
had not been able to find the ordinary nine pairs of spiracles. They 
were able to find only a single pair of spiracles on the dorsal surface of 
the first abdominal segment located a little in front of the lateral pro- 
longation of the tergum. The anterior spiracles of N. fasciculare are 
borne on a small conical projection, the writers further point out that 
‘“‘Les segments suivants n’offrent rien de semblable.’’ (The following 
segments offer nothing of resemblance.) 

Dufour (1862, p. 146) found seven pairs of spiracles in N. fasciculare 
on the lateral edges of the first seven abdominal segments, ail of which 
were located at the summit of a pyramidal tubercle located in front of 
the lateral prolongations of the tergum (‘‘lobule cilié’’). He pointed 
out that the first pair on the first abdominal segment is difficult to see, 
being hidden by the edge of the metathorax and not occupying the 
lateral edges of the segment as do the other pairs but on the dorsum of 
this segment. Dufour stated that, since he had not found spiracles on 
the thorax he refused to believe that one pair was not present. Laboul- 
béne (1862) has an article on the subject in the same journal and same 
volume as that of Dufour. From specimens collected by Dufour, 
Perris and himself near Saint Sever he has studied the spiracles of this 
species in some detail. In this work the presence of a thoracic spiracle 
is reported. It is located laterally on the mesothorax in front of the 
coxa. This is the position of the mesothoracic spiracle on WN. cali- 
fornicum (fig. 20, SP) as shown in Béving and Craighead’s (1931, pl. 66) 
drawing. Laboulbéne describes the second spiracle as being located 
dorsally on the first abdominal segment and the remaining ones, third 
to eighth, are noted as lying below the lateral extensions of the tergal 
lobes on abdominal segments 2-7, as described by Dufour. Laboulbéne 
brought up the question as to the presence of a ninth pair of spiracles. 
On the dorsum of the eighth abdominal segment in JN. fasciculare there 
is, near the base of the segment, a pair of tubercles which Laboulbéne 
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thought might bear spiracles. Upon dissecting his only larva which 
had been preserved for many years, he could not find tracheal trunks 
associated with these tubercles and therefore doubted the presence of a 
ninth pair of spiracles. He furthermore was unable to find tracheae 
associated with the mesothoracic spiracle but thought this was due to 
the poorly preserved condition of the internal parts of his larva. The 
tubercles of the eighth abdominal segment (fig. 3, TUB) are found in 
N. californicum. They are only feebly evident in N. unicolor. Gangl- 
bauer (/. c.) described spiracles at the tip of the eighth segment and 
Boéving and Craighead (J. c. fig. C) illustrate the attenuated posterior 
end of the eighth abdominal segment of N. californicum which shows a 
well-defined pair of spiracles on the tips of this segment and they are 
faintly indicated although unlabeled in their drawing (/. c. fig. P) of 
N. unicolor. The present writers have dissected this segment (fig. 23) 
and readily found two tracheal trunks (TR) leading to these terminal 
spiracles (SP), whereas Louboulbéne was unable to find any leading to 
the dorsal tubercles in N. facsiculare which he thought were probably 
spiracles. The spiracles of the eighth segment are located on the mesal 
side of the two, terminal, lateral lobes. The opening is a slit located on 
a somewhat oval peritreme (fig. 23, SP). 

In N. unicolor, it is apparent that the mesothoracic spiracles are 
located dorsally on the cephalo-lateral angle of the segment, while those 
of N. fasciculare and N. californicum (fig. 20, SP) are located ventro- 
laterally. The abdominal segments of N. unicolor (fig. 1) on segments 
1-7 likewise are dorsal and not closely associated with the tergal lobes 
as they are in the other two species. The eighth abdominal (9th pair 
in the series) spiracles are located on the terminal lateral lobes and are 
concealed by their location on the mesal side of the lobes. 


Nosodendron californicum Horn 
COMPARISON WITH N. UNICOLOR SAY 


Four larvae, two mature and two half-grown, of N. californicum 
Horn available for study were collected at sap of a wound on white fir 
at Ashland, Oregon, May 10, 1915, by H. G. Champion. One other 
larva accompanied by two adults was available but without collection 
data. These are readily distinguished from N. unicolor by the fact 
that only the first abdominal spiracle is located dorsally and the others 
laterally, and the tergum of the last abdominal segment has two con- 
spicuous dorsal tubercles. In these respects, this species resembles the 
European JN. fasciculare more closely than it does our eastern species 
N. unicolor. Horn (1874, p. 22) in his original description of the adult 
of N. californicum pointed out that in the possession of “‘elytral tufts 
N. californicum resembles the transatlantic species fasciculare.” 

The largest available larvae measured about 10.3 mm. long with a 
head width of 1.8 mm. These are probably fifth instar forms. The 
half-grown larvae were 5 mm. long and have a head width of 1.15 mm. 
and are probably second instar larvae. 

In the smaller larvae only the first abdominal spiracle is visible 
from above while in the full-grown larvae the spiracles of abdominal 
segments 2-7 are placed laterally and are on the ends of conspicuous 
tubules located laterally but which are long enough to be seen from the 
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dorsum where they protrude immediately cephalad of the lateral 
protuberances of the tergum. 


KEY TO KNOWN FIFTH INSTAR LARVAE OF NOSODENDRON 


1. Spiracles of mesothorax and spiracles of abdominal segments 1-7 located on 
tergum; tergum of eighth abdominal segment without two conspicuous 
dorsal protuberances near base of the segment. (Eastern United States,) 
Nuance MALS oF dc CAeaNOn SEERA BS AH MR eRe ane eae ee eE ene Ee! unicolor 

1—. Spiracles of mesothorax located on the pleuron in front of mesothoracic 

leg; spiracles of abdominal segment 1, located dorsally and those of seg- 

ments 2 to 7 located below and in front of the lateral protuberances; 
tergum of eighth abdominal segment with two conspicuous darkened 

RUN EE TE OE GOS sé & Sok cin nes wc ntin ew nee uuinn cae hous 2 


2. Dorsum of abdominal segments with cuticular processes not arranged in 


longitudinal rows only faintly producing some smooth cuticular circles; 
eighth abdominal segment without distinct longitudinal ridges. (Western 
ROE OUI ico e\ vcs ndecndcaceshedagnceeembuesceraeweer californicum 
2—. Dorsum of abdominal segments with cuticular processes arranged in six 
longitudinal rows; eighth abdominal segment with four longitudinal ridges. 
CON 5 ink bck cekis ined da amen pa weea awa tah wera manne fasciculare 


REFERENCES CITED 


Blatchley, W. S. 1910. An illustrated descriptive catalogue of the Coleoptera 
or beetles—known to occur in Indiana. Ind. Dept. Geol. and Nat. 
Resources, 1386 pp. (p. 672). 

Béving, A. G., and F. C. Craighead. 1931. An illustrated synopsis of the principal 
larval forms of the order Coleoptera. Ent. Amer., 11: 1-351, includ. 125 plates. 

Chapuis, F., and E. Candéze. 1853. Catalogue des larves des coléoptéres, etc. 
Liege, H. Dessain—Extr. Mem. Soc. Royal, Sci. de Liege, 8: 445-446. 

Dufour, L. 1862. Description de la larve du Nosodendron. Ann. Soc. Ent. 
France, Ser. 4, 2: 146-149. 

Ganglbauer, L. 1904. Kafer von Mitteleuropa, vol. 4, p. 88. Wien, C. Gerold’s 
sohn. 

Horn, G. H. 1874. Descriptions of new species of United States Coleoptera. 
Trans. Amer. Ent. Soc., 5: 20-43. 

Kuhnt, P. 1913. Illustrierte bestimmungs tabellen der kafer Deutschlands. 
Stuttgart, 1138 pp. 

Laboulbéne, A. 1862. Sur les stigmates de la larve du Nesodendron fasciculare. 
Ann. Ent. Soc. Fr., Ser. 4, 2: 149-152. 

Lucus, R. 1920. Catalogus alphabeticus generum et subgenerum coleopterorum 
orbis terranum totius, Berlin, vol. 1. p. 443. 

Snodgrass, R. E. 1935. Principles of insect morphology. New York and London, 
McGraw-Hill Co. 677 pp. 











NEW SPECIES OF SCYMNUS 
(Coleoptera: Coccinellidae)' 


WM. C. STEHR 


Ohio University, Athens, Ohio 


Two specimens of Scymnus have come to the author’s attention in 
recent years that are strikingly distinct from any described North 
American species of the genus and are herewith described. 


Scymnus lodi n. sp. 

This species has the metacoxal line forming a complete arc which 
places it in Group D of Horn or the subgenus Pullus Mulsant. The 
body is very broadly oval and convex, with the thoracic and elytral 
margins forming a slight notch where they meet. The entire upper 
surface is rufo-testaceous except for a parabolic black spot on the 
middle of the base of the prothorax extending to within one-fourth of 
the apex. The under surface is testaceous except that the meso- and 
metepimera are fuscous and there is a fuscous tinge along the outer margin 
of the epipleurae. The head, thorax and elytra are all evenly and closely 
punctate, with the punctures smallest and shallowest on the head and 
largest and deepest on the elytra. The pubescence is very pale yel- 
lowish, short on the head and thorax, and much longer and more con- 
spicuous on the elytra. The last ventral segment of the male is evenly 
arcuately emarginate at the middle. Length 2.6 mm., width 2.1 mm. 

In the keys of Horn (’95) and Casey (’99) this species runs to S. 
pallens Lec. from which it is readily separated by the black spot on the 
prothorax, the color of the under surface, punctuation of the upper 
surface and much greater size. 

Holotype: Male. Lodi Township, Athens County, Ohio, Sept. 27, 
1945, collector, Wm. C. Stehr. It was found in a lowland pasture under 
a stone with a colony of ants, Crematogaster lineolata Say, but whether 
it is a true myrmecophile is not known. 


Scymnus ohioensis n. sp. 


This species has the metacoxal line joining the first ventral suture 
which places it in Group A of Horn or the subgenus Diomus Mulsant. 
The body is slightly elongate oval and moderately convex, with the 
thoracic and elytral margins forming a distinct notch where they meet. 
The head and thorax are yellow testaceous with a small fuscous spot on 
the latter just in front of the scutellum. The elytra are black with 
anterior oblique sinuate yellow fasciae extending from the humeral 
angles to the middle of the length and inner fourth of the elytra, and 
with posterior oblique fasciae extending from the margin at three- 
fifths to the inner fifth at four-fifths their length. There is also a 
narrow | pale margin extending from the posterior fasciae to the apex 


'Paper No. 29 from the Department of Zoology, Ohio University, Athens, Ohio 
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of the elytra. The entire under surface is pale yellow testaceous as are 
also the legs and antennae. The prosternal carinae are complete, 
slightly converging anteriorly, and not strongly developed. The head 
and thorax are evenly and closely but not deeply punctate. The 
punctures of the elytra are stronger and are evenly and rather closely 
placed. The pubescence is pale yellowish, very short and fine on the 
head and thorax and slightly coarser and longer on the elytra. Length 
1.7 mm., width 1.1 mm. 








2 


i 


Fic. 1. Dorsal view of Scymnus lodi n. sp. Fic. 2. Dorsal view of Scymnus 
ohioensis n. sp. 


In the keys of Horn (’95) and Casey (’99) this species would run to 
S. liebecki Horn. It differs, however, in the form of the elytral macu- 
lations, distinctly punctate head and larger size. 

Holotype: Female. Green Township, Gallia County, Ohio, August 
11, 1939, collector John H. Hughes, who kindly donated the type to 
the author. The specimen was swept from a growth of hemlocks but 
nothing further is known of its habits. 
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A NEW GENUS (COSTAMIA) AND SPECIES OF 
MEXICAN LEAFHOPPER 


(Homoptera: Cicadellidae) 


DWIGHT M. DELONG 


Department Zoology and Entomology 
Ohio State University 


Genus Costamia nov. 


Apparently related to Mesamia but differing from it by a shorter 
vertex which is broad and slopes from pronotum to a thick margin. 
The vertex is twice as broad between eyes at base as median length. 
The face is convexly rounded. The elytra contain many super- 
numerary veins which are especially prevalent in the claval and costal 
areas. The first anteapical cell is divided into several small cells by 
cross veinlets which extend to the posterior border of the second ante- 
apical cell thereby causing the first apical cell to be very small and 
triangular. There are two cross veins between the first and second 
sectors, giving a Deltocephaloid appearance. 

Genotype Costamia venosa n. sp. 


Costamia venosa n. sp. 


A pale brown species with darker brown markings. Length 
4.5-5 mm. 

Vertex short and broad, bluntly produced anteriorly, twice as wide 
between eyes as median length. 

Color.—Yellowish to tawny, marked with dark brown. Face pale 
with a series of broad, dark brown arcs extending entirely across face. 
Vertex with a brown line on margin just below ocelli and a marginal 
brown line just above ocelli. Pattern on vertex somewhat variable 
due to the varying intensity of color. Usually a pair of longitudinal 
marks separated at middle which curve anteriorly toward the eyes and 
a curved mark next each eye, together forming four pale spots on the 
basal half. Pronotum pale along anterior margin, posterior two-thirds 
mottled with dark brown. Scutellum with basal angles, a pair of round 
spots on disc and a broad median longitudinal stripe on apical portion 
brown. Elytra milky white, subhyaline, veins and ramose pigment 
markings brown. Apical cells usually smoky. 

Genitalia.—Male plates long, broad at base, concavely narrowed 
to produced, narrowly rounded apices. Aedeagus with a ventral 
dorsally directed finger-like process and a long slender process that 
arises ventromesally, curves dorsally and is directed anteriorly. The 
apical half is slender, slightly narrowed apically with a short spine on 
dorsal surface near apex. 

Holotype male and a large series of paratype males collected at 


Iguala, este Mexico, September 11, 1939 (Plummer and DeLong) 
and Octobe , 1941 (Good and DeLong). Types in author’s collection 
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New Genus and Species of Mexican Leafhopper PLATE I 
Dwight M. DeLong 





view of male genitalia. 3. View of left elytron. 
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Costamia venosa n. sp. 1. Dorsal view of head and pronotum. 2. Lateral 











CHINESE CHRYSOMELID BEETLES OF THE 
SUBFAMILY CHLAMISINAE! 


J. LINSLEY GRESSITT 
Lingnan Natural History Survey and Museum 
Lingnan University, S. China 


H. S. Barber shows me that Chlamisus Rafinesque 1815 must be 
used for the typical genus of this subfamily, instead of Chlamys Knoch 
1801 (nec R6ding in Bolten 1798) and other genonyms used in the past. 
Thus the name of the subfamily changes from Chlamydinae to 
Chlamisinae. 

The subfamily is here considered in the old sense, excluding the 
Lamprosominae.? 

Before 1940 only six species of this subfamily were known from 
China. In that year S. H. Chen® described five new species from 
China and newly recorded another, thus raising the total to twelve. 
In 1942 I° increased the number to twenty-nine, describing fifteen 
as new species. In this paper seven new species are described and 
one more is newly recorded from the area, bringing the number of 
Chinese species now known to thirty-seven for the subfamily. 

For the purpose of this article the Formosan species are not included, 
though a few species from Formosa, the Loochoo (Ryu-kyu) Islands and 
Japan are included in the key on the basis of specimens I have studied. 
The records for these specimens are included at the end of this paper. 

The material reported upon in this article comes largely from the 
California Academy of Sciences, with a few specimens from the United 
States National Museum and the American Museum of Natural 
History. The new species are in the California Academy of Sciences 
and were collected by me. 

I am indebted to Mr. H. S. Barber of the United States Bureau of 
Entomology and Plant Quarantine for his counsel and aid in regard to 
nomenclature and other problems. I am also grateful to Prof. William 
E. Hoffmann, Associate Curator, Division of Insects, United States 
National Museum, for facilities put at my disposal in carrying on part 
of this study there; and to Dr. Roderick Craig and Mr. R. W. L. Potts 


of the University of California for help in preparing the illustration. 


'Formerly Chlamydinae. 

*See Chen, S. H., On the Coleoptera Chlamydinae of China. Sinensia 11: 
189-205 (1940). 

3See Gressitt, J. L., Plant-beetles from South and West China. III. Clytrinae, 
Cryptocephalinae and Chlamydinae (Coleoptera). Lingnan Sci. Jour. 20: 325-376, 
Pls. 19-22 (1942). Note: Paratypes recorded in the aforementioned paper as 
being deposited in the United States National Museum and the California 
Academy of Sciences were partly mailed to the United States in the fall of 1941, 
but were returned after the Pacific War began, and are now in Canton. 
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KEY TO THE CHINESE! SPECIES OF CHLAMISUS 


Pronotum or elytra at least partly marked with orange, red or pitchy 


ee eee ne pers eee Pree eee ere 2 
Fronotum and elytva entively DIAEK.. «<2. .cciicccccesceseccesccs. 21 
Pygidium lacking a clearly defined, slender, median ridge............. 3 
Pygidium with a slender, more or less sharp-edged median ridge....... 5 
Raised areas of elytra mostly of fairly sharp ridges or tubercles........ + 


Raised areas of elytra entirely of very bluntly rounded tubercles; elytra 
largely reddish except for punctures and borders; anterior margin of 
pronotum and convex areas of head reddish orange; suture slightly 
WONG 6 5.0 55k 100 as Vale ob +0 ae esas een eeeneae martialis 

Body more than two-thirds as broad as long; pygidium triangular- 
hexagonal with indistinct ridges and poorly defined cavities; suture 
strongly raised; head and raised areas of pronotum rusty red; elytra 
Dey DUE. . CII gov oie edn i esienda cea ducer eee tea japonicus 

Body less than two-thirds as broad as long; pygidium nearly round, 
with definite outer ridges and distinct cavities; suture not very 
strongly raised; head and anterior margin of pronotum partly black 
and partly pitchy red; elytra black with pitchy red raised areas. . .rusticus 

Front of pronotum marked with testaceous, orange or reddish in contrast 
to rest of dorsal surfaces which are black, or rarely black and pitchy 
red; pygidium lacking a transverse ridge just above middle con- 
i gg. rrr eer eer er eee er . 6 

Front of pronotum without pale coloration in strong contrast to rest of 
dorsal surfaces, which latter are at least partly pitchy or reddish; 
pygidium generally with a more or less transverse ridge just above 


middle connecting outer longitudinal RRM Sic dew howseveue vaceceas 9 
Pronotum with anterior median portion orange or red; disc of pronotum 
GREENS CERNE TNE Pe 3 6.c sash Racdowenedncaddordnveeieraes 7 


Pronotum with anterior median portion yellowish testaceous; disc of 
pronotum with at least some fine linear ridges.................. wien 
Elytral discs with several strong tubercles; more than anterior hi ilf 
of pronotum bright orange; length 5 mm. or more........... semirufus 
Elytral discs almost lacking tubercles; a low one on each side of suture 
near middle, and a low vertical ridge on posterior declivity; pronotal 
markings dull reddish; length 3.6 mm...................... uniformis 
Center of pronotal disc with ridges sh wp ‘and strongly raised; dorsal 
surfaces black except for front of pronotum; head marked with 
black around eyes and on center of occiput.............. superciliosus 
Center of pronotal disc with fine, fairly low ridges; dorsal surfaces 
extensively marked with dark red or pitchy; head testaceous; pro- 
notuin largely pale at sid6s. ..« 55 6c occ sci nteerecionces pallidiceps 
Antennae reddish or ochraceous, at least basally...... Kick Mas 10 
Antennae blackish; pronotum and elytra pitc hy black with pale pitchy 
tuberosities; head pitchy to brownish; pronotum with subreticulate 
ridges above and large, irregular tubercles at sides.......... chinensis 
Head without six longitudinal carinae on vertex.................. zee 
Head with six longitudinal carinae on vertex; body dirty brown, darker 
to black on depressed areas; pronotum with tubercles and ridges; 
elytra with tubercles not very prominent; lateral pygidial carinae 
MNS a oa ak Gore weak een ea paatae cine eee rugiceps 
Central portion of pronotal disc with distinct, slender, linear ridges, 


sometimes partly sinuate Site’ soa Rabatatar iad ..12 
Central portion of pronotal dise with irregular tubercles, or in part 

with irregular short ridges, sometimes forming partial reticulations 

CR SiGe WRN SI. go oc oo chen ce kc ad Vee euaeteas 15 
Elytra at least apparently truncate apically when viewed from above; 

pronotum with parallel ridges extending down posterior declivity 13 
Elytra more or less rounded apically, with a tubercle above each 

posteriolateral angle; pronotum with submedian ridges not extending 

down posterior declivity otk w Wb Saletipe s/o ch Meme ae a 


‘Including certain species from Formosa, the Loochoo (Ryu-kyu) Islands and 
Japan. 
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13 (12). 


14 (12). 


5 (11). 


16 (15). 


17 (15). 


19 (18). 


20 (18). 


21 (1). 
22 (21). 


23 (21). 
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Pygidium broader than deep, transversely suboval, emarginate at upper 
corners, with lateral ridges recurved mediad posteriorly, their trans- 
verse connective situated near middle; raised areas of elytra orange 
WS oe kore te ah uasittnhduakaae racine dae ean Maka vEd angularis 

Pygidium as deep as broad, rounded-triangular, not emarginate at upper 
corners, with lateral ridges straight and directed obliquely laterad 
posteriorly, their transverse connective situated well dorsal to middle; 
raised areas of elytra pitchy red. (Japan, Formosa)........... lewisi 

Median groove of pronotum not bordered by parallel ridges anteriorly 
and bordered by rows of low tubercles at summit, a pair of parallel 
ridges above middle diverging at their lower ends and meeting a 
pair of oblique ridges originating near summit................. rufulus 

Median groove of pronotum bordered by a pair of longitudinal ridges 
which are slightly discontinuous at middle and give off about four 
irregular carinae externally which form a few closed or open reticu- 





MN kc roca faa a4 555 Rell seta ey wl Aoece lane ein Ate bike We subferrugineus 
Pygidium lacking a transverse ridge just above middle connecting 

I 25 Jo 5 tie ies totais tas Alon a atese re PRIA eae oar aE eR EET 16 
Pygidium with a transverse ridge just above middle connecting lateral 

I toi tecaata nico whi a oa oars Are dot ead Siete d neds ee a ee 17 


Pronotum not deeply grooved and not strongly carinate on posterior 
declivity, distinctly grooved and carinate anteriorly; elytral tubercles 
sharply defined; length 2.4 MM... «06 scscvccscesverssenesa castaneus 

Pronotum deeply grooved and strongly carinate on posterior declivity, 
lacking distinct ridges on anterior portion and sides; tubercles on 
posterior halves of elytra rather small; length 3.3 mm............ cheni 

Pygidium lacking two distinct transverse ridges connecting outer 
longitudinal ridges; pronotum without three distinct velvety black 
RR Fo Se ig oma aia ee 0k 4.46 4a ees Eee RAT SR CK OUIE es AME ee Re 18 

Pygidium with two distinct transverse ridges connecting outer longi- 
tudinal ridges; pronotum with three distinct velvety black areas on 
anterior portion; dorsum pitchy black with numerous dark reddish 
tubercles and short ridges or reticulations...... ....velutinomaculatus 

Posteriolateral declivity of central raised portion of pronotum rather 
rough, with some irregular tubercles, including fairly prominent ones 
anteriorly and near top; postmedian elytral tubercles steep-sided 
and very closely approac ee SPS Oe ee ee 19 

Posteriolateral declivity of central raised portion of pronotum somewhat 
evenly punctured, almost without tubercles, except sometimes some 
low indistinct ones along top; postmedian elytral tubercles obtuse 
or obsolescent and not extremely close to suture.................5. 20 

Body nearly three-fourths as broad as long, unevenly narrowed 
posteriorly, very slightly narrower across middle of abdomen than 
across humeri; tubercles on anterior halves of elytra ridged along 
DRDEGAS. . ctindtaderd neue wi el ncreer ene tine ae kee me eaeirs ferrugineus 

Body iess than two-thirds as broad as long, somewhat evenly narrowed 
posteriorly, much narrower across middle of abdomen than across 
humeri; tubercles on anterior halves of elytra blunt and punctured 


IE: - NN GMs chides eo pote news cae wor ....formosanus 
Dorsal surfaces entirely brick-red, paler _anteriorly, with tubercles 
very scarce and very low; length nearly 5 mm............. rufescens 


Dorsal surfaces pitchy black to reddish with numerous tubercles; 
fairly low on pronotum and moderately high on elytra; length 3 mm., 


spilotus 

a ONY OI ovis 6s sc iciksinoccnidvive ec sediaesesesecs 22 

Pronotum not Gistenctiy PUbeEcent... . 6... cccccsccvccccsvcccvccusces 23 
Elytra sparsely, and pronotum thickly, clothed with very fine yellow 

I icin eo sai ice we ee he a Ra eee i setosus 


Elytra not pubescent; head and anterior portion of pronotum densely 
clothed with pale golden, adpressed, scale-like hairs; pygidium with 
oblique connective ridges between outer longitudinal ridges. .. . pilifrons 

Central portion of pronotal disc somewhat regularly convex, evenly 
rounded in lateral outline, at least to top of posterior declivity, with 
fairly even surfaces or with a few fine regular longitudinal ridges. oh ne 
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24 (23). 
25 (24). 


26 (24). 


27 (26). 


28 (26). 


29 (23). 


30 (29). 


31 (29). 


32 (31). 


33 (32). 


34 (31). 
35 (34). 


36 (35). 
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Central portions of pronotal disc unevenly convex, with irregular 


ridges or tubercles, not evenly rounded in lateral outline............ 29 
Pronotum very even, without any distinct ridges. ...............-005- 25 
Pronotum with some fine longitudinal or oblique ridges. .............. 26 


Pronotum shiny, regularly punctured, lacking a distinct broad groove 
at top of posterior declivity; scutellum deeply emarginate posteriorly, 
with very narrow lateral prolongations; head and legs largely orange 
COMPAR os sss 8 aie ey ecb see Hes ceewe tan veweeRenee maculiceps 
Pronotum dull, irregularly punctured, with a broad distinct groove 
at top of posterior declivity; scutellum feebly emarginate posteriorly, 
with moderately acute lateral projections; head largely pitchy 
TREE oc-:v chic kee eae «chase ne edie anism ens cee ae rane piceifrons 
Pygidium lacking three distinct and complete, equal, longitudinal 
ridges; head and legs completely black............... ccc ececeeeee 
Pygidium with three more or less sharply defined, complete, equal, 
sublongitudinal ridges, alternating with sparsely punctured shiny 
CEN So icin'e's oh ewicd Hxe'e Ga Rms nk Wire ee eee e cae eee nee eee 28 
Pronotum with four subregular carinae; pygidium with a feeble, incom- 
plete, longitudinal ridge on each side of, and parallel to, median 
carina; antennae OChTaceouS. ... 6... c cece cececeesons pallidicornis 
Pronotum with six partly sinuate carinae; pygidium with a complete 
and distinct, but sinuous and dull, ridge on each side of median 


CON CII CONE yin oo 8 ok koi hee UN es Chee hwacereRel aterrimus 
Head and legs largely reddish brown; sides of pronotum distinctly punc- 
tured; pygidial ridges completely parallel................. sexcarinatus 


Head and legs entirely black; sides of pronotum reticulate-granulose; 
lateral pygidial ridges not quite parallel near upper ends. . . reticulicollis 
Fourth antennal segment very distinctly thicker than third............ 
Fourth antennal segment not very distinctly thicker than third........ 31 
Pygidium armed with a sharp tooth on each side near superior angles; 
surface not equally divided by three longitudinal carinae; outer 
sections much broader than inner..................0cee eee stercoralis 
Pygidium not armed with a prominent tubercle on each side near 
superior angles; surface divided into four equal parts by three longi- 


COT CUMIN occ oes caeusw sack eaeeeeeennee cen wen clermonti 
Fifth antennal segment similar to third and fourth or very slightly 

flattened and broadened, but not subtriangular or hairy............. 32 
Fifth antennal segment at least subtriangular and hairy, generally 

SSIS: 10 GEEETN GOUT SOIIOIIEE 5 oo. x din ace cceredundat a vemceeenwanaes 34 


Pygidium with lateral ridges sinuous, but not both joining median 
carina below middle and with a transverse connective above middle. . .33 
Pygidium with lateral ridges connected by a transverse ridge above 
middle and turning suddenly behind middle and joining median 
carina perpendicularly, thus forming four subrounded cavities; 
occiput with a deep depression; elytra truncate apically...... diminutus 
Body shiny black; head largely reddish testaceous; each side of pro- 
thorax with a single large tubercle; first abdominal segment with 
one tubercle at each side; length 3-3.9 mm................. montanus 
Body black with a bronzy sheen; head black; side of prothorax with 
two tubercles; first abdominal segment with two tubercles on each 


SS TE Be PP ca ee haces cdsitetrwececasecncdaeed palliditarsis 
Head entirely, or largely, pale reddish or orange.....................39 
Head entirely black or pitchy except for mouthparts.................. 37 
Head entirely reddish; length 3.3-3.5 mm................ eee eeeeee 36 


Head not entirely reddish; length 3.8-4.3 mm.; occiput without a 
very distinct depression; pygidium with lateral carinae extending 
ventrad to a raised, apical, punctate area, and with about 30 punctures 
in each lateral depression; fifth antennal segment not quite as broad 


ORS Fb oo ois 03860 a kanes waees eee canenioned .....latiusculus 
Elytral suture distinctly toothed only in posterior two-thirds; occiput 
We Oh IE IO ooo i onc cae RaK A cied nak ede eeelenae ems capitatus 


Elytral suture distinctly toothed throughout, except at extreme apex; 
COCHISE WEEE Gs SERIAL GING. 6 on acc kc canvas swesag es nueeas ruficeps 
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37 (34). Prosternum subparallel-sided in basal quarter, basal third or basal 
DE COLO S ter ace R A ARERR WEEE Ere Rie eae ewe IE Maas Os 38 
Prosternum triangular, and not subparallel-sided, basally............. 40 

38 (37). Elytral discs each with seven or more prominent tubercles and other 

lesser ones; central portion of pronotum not almost perpendicular 


Ne NN De IN INO o.oo 5 ao .6 oc tna iewsgvecbareees vans 39 

Elytral discs without any very large tubercles; central portion of pro- 
notum almost vertical before and behind; tarsi yellow........ yunnanus 

39 (38). Pronotum not very uneven, with three pairs of oblique or sublongi- 
tudinal ridges on upper portion; dorsum shiny black........ aterrimus 

Pronotum very uneven, with irregular, in part reticulating, ridges and 
tubercles; dorsum with a purplish to violet tinge............ nigripes 

40 (37). Each side of pronotum with a large, prominent tubercle or with several 
a a nn rr rr 41 


Each side of pronotum with a single low tubercle, and disc with sev eral 
areoles on each side; each elytron with about twelve principal 
tubercles; length 2.5-3 mm..... Seay eee Bon aice x ne ace fulvitarsis 

41 (40). Elytral apices not distinctly truncate and posteriolateral angles not 
eee prothorax broad anteriorly; each side of pronotum with a 
single large tubercle; median groove of pronotum not very deep or 
ssi arouse stan ORO COO eee . 42 

Elytral apices distinctly truncate and posteriolateral angles prominent: 
prothorax almost acute anteriorly; each side of pronotum with several 
tubercles; median groove of pronotum deep and well defined, 

tuberculithorax 

42 (41). Prosternum with posterior half narrow and subparallel-sided; occiput 
strongly concave; premedian and postmedian transverse tubercles of 
each elytral disc connected by an even longitudinal ridge. (Loochoo 
Islands) . bis kin ecole nia mete Re aut eto tes ....geniculatus 

Prosternum ne< arly forming a an 1 equil: iteral triz angle, very slightly produced 
at apex; occiput plane; pre- and post-median transverse tubercle 
of each elytral disc not connected by an even longitudinal ridge, 

prominens 


ENUMERATION OF THE CHINESE SPECIES OF CHLAMISUS 


Chlamisus angularis (Gressitt), new combination 


Chlamys angularis Gress., 1942, Lingnan Sci. Jour. 20: 355, 356, pl. 22, fi 
(N. Kwangtung). 
Distribution: S. China (Kwangtung). 


Chlamisus aterrimus (Gressitt), new combination 
Chlamys aterrima Gress., 1942, Lingnan Sci. Jour. 20: 355, 357, pl. 21, fig. 6 

(Hainan I.). 

Additional specimens (Calif. Acad. Sci.) were collected at Ta-hian, 
near Five Finger Mts., Hainan, June 12, 1935, Gressitt; Ta-hau, west 
of Nodoa, Hainan, July 7, 1935, Gressitt; and Dwa-bi (Tai-pin), near 
Loi Mother Mt., Hainan, July 22, 1935, Gressitt. 

Distribution: Hainan Island. 


Chlamisus capitatus (Bowditch), new combination 


Chlamys capitata Bowd., 1913, Trans. Amer. Ent. Soc. 39: 18 (Ha-lang); Chen, 
1940, Sinensia 11: 193, 197. 
Distribution: China (‘‘Ha-lang’’) 


Chlamisus castaneus (Chen), new combination 


Chlamys castanea Chen, 1940, Sinensia 11: 193, 201 (S. China) 
Distribution: S. China. 
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Chlamisus cheni (Gressitt), new combination 


Chlamys cheni Gress., 1942, Lingnan Sci. Jour. 20: 355, 359 (Omei Shan). 
Distribution: West China (Szechuan). 


Chlamisus chinensis (Baly), new combination 


Chlamys chinensis Baly, 1877, Jour. Linn. Soc. London 14: 345 (China); Chen, 1940, 
Sinensia 11: 193, 199. 


Distribution: China (not further specified). 


Chlamisus clermonti (Achard), new combination 


Chlamys clermonti Ach., 1919, Ann. Soc. Ent. Belg. 59: 36 (Tchao-Pin-Io); Chen, 
1940, Sinensia 11: 193, 197. 


Distribution: China (‘“‘Tchao-Pin-Io’’). 


Chlamisus diminutus (Gressitt), new combination 
Chlamys diminuta Gress., 1942, Lingnan Sci. Jour. 20: 358, 359, pl. 21, fig. 2 

(Hainan; Kwangtung; Hupeh). 

Additional specimens (Calif. Acad. Sci.) were taken at Nanking, 
Kiangsu, Mar. 20, Apr. 30 and May 4, 1923, and Hangchow, Chekiang, 
May 18, 1923, by E. C. Van Dyke; and Ta-hian, near Five Finger Mts., 
Hainan, June 11, 1935, Gressitt, and Ta-hau, west of Nodoa, Hainan, 
July 4, 1935, Gressitt. 

Distribution: S. China; E. China; Hainan Island. 


Chlamisus ferrugineus Gressitt, new species 
Plate I, figure 6 

Robust, irregular at sides; truncate apically; rough and tuberculate. 
Largely reddish ochraceous, marked with black and pitchy: head with 
lower border of frons and central portion and upper exposed border 
of occiput blackish; antennae testaceous basally, slightly pitchy distally; 
prothorax with scattered punctures pitchy and depressed, closely 
punctured, areas black; scutellum and basal and sutural margins of 
elytra pitchy; elytral discs reddish ochraceous with punctures pitchy 
and deepest depressed areas and a stripe on each humerus blackish; 
ventral surfaces of body pitchy to blackish with central portion of 
prosternum, two stripes on each side of metathorax, swollen portion 
of first abdominal sternite, most of last sternite and raised areas of 
pygidium, reddish; legs ochraceous with a pitchy band across outer 
portion of each femur and tibia. 

Head nearly circular in anterior view, somewhat densely and sub- 
coarsely punctured, rather even except for a narrow raised area on 
each side of occiput; labrum about three times as broad as long; clypeus 
slightly emarginate anteriorly. Antennae about as long as width of 
head; scape twice as long as broad; second segment transverse; third 
and fourth subequal, subcylindrical and slightly longer than broad; 
fifth to tenth thick, broader than long; last subtriangular. Prothorax 
four-sevenths as long as broad, irregular at sides, broadly rounded 
anteriorly, strongly swollen and irregular above; lateral outline strongly 
convex, somewhat irregular, vertical anteriorly, concave just before 
summit, deeply concave at middle of posterior declivity; surface with 
dense to moderately sparse, small, deep punctures interrupted by 
numerous tubercles or short, irregular ridges; lower portion of each side 
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with several subregular ridges, mostly parallel to borders, the central 
one highest; central portion of disc with a pair of slightly raised areas 
near anterior border, a long, very sinuous, interrupted ridge across 
middle of front and reaching anterior border at sides, several partly 
connected tubercles on each side of upper portion, the highest at top 
of lateral declivity and moderately prominent ones on each side just 
before and just behind summit; posterior declivity with a longitudinal 
ridge on each side of lower portion. Scutellum broad, acute ecto- 
apically, moderately emarginate posteriorly; surface irregular, concave 
behind center. Elytra strongly constricted behind humeri; sides slightly 
irregular, narrowed posteriorly; apices truncate, with posteriolateral 
tubercles forming corners and projecting almost to apical margin; disc 
of each with a longitudinal tubercle near middle of base, two placed 
obliquely before middle, the inner one near suture, a transverse one by 
suture just behind middle, followed by about four smaller ones, one 
adjacent to suture, and two large ones: one at top of posterior declivity, 
near suture, the other just above posteriolateral angle. Ventral surfaces 
of body subcoarsely reticulate-punctate, the punctures shallow but 
with a small deep puncture in the center of each; each side of first 
abdominal sternite with about four raised areas. Prosternum with 
anterior half broadly scutiform, almost rectangular; remainder nearly 
one-half as broad, narrowly subscutiform, slightly widened behind 
middle. Pygidium as broad as deep, widest between middle and 
base, with a median ridge and a pair of broad, rough, lateral ridges 
which are sinuous, with a transverse connective above middle, then 
arched, recurved mediad and disappear before apical swellings; surface 
otherwise sparsely punctured. Legs irregularly punctured. Length 
3.32 mm.; breadth 2.32 mm. 

Holotype: (No. 5452, Calif. Acad. Sci., Entom.) Hong San, alt. 
900 meters, S. E. Kiangsi Prov., S. E. China, June 25, 1936, J. L. 
Gressitt. 

Differs from rufulus Chen in having the pronotum much less regular, 
with scattered tubercles instead of low, subregular ridges. 

Distribution: S. E. China (S. Kiangsi). 


Chlamisus fulvitarsis (Achard), new combination 
Chlamys fulvitarsis Ach., 1919, Ann. Soc. Ent. Belg. 59: 38 (Tchoa-Pin-Io); Chen, 
1940, Sinensia 11: 193, 195; Gressitt, 1942, Lingnan Sci. Jour. 20: 356, 361. 


Distribution: ‘‘Tchao-Pin-Io’’; Chekiang. 


Chlamisus latiusculus (Chujo), new combination 


Exema latiuscula Chujo, 1940, Trans. Nat. Hist. Soc. Formosa 30: 284 (C. Formosa). 
Chlamys latiuscula Gressitt, 1942, Lingnan Sci. Jour. 20: 355, 356, 361 (Hainan). 
Distribution: Formosa; Hainan I. 





EXPLANATION OF PLATE 
(Magnified X 9.16) 

Fig. 1. Chlamisus superciliosus Gressitt; holotype. 2. Chlamisus uniformis 
Gressitt; holotype. 3. Chlamisus rufulus (Chen); S. Kiangsi. 4. Chlamisus 
pallidiceps Gressitt; holotype. 5. Chlamisus velutinomaculatus Gressitt; holotype. 
6. Chlamisus ferrugineus Gressitt; holotype. 7. Chlamisus rufescens Gressitt; 
holotype. 8. Chlamisus prominens Gressitt; holotype. 9. Chlamisus stercoralis 
(Gressitt); Fukien. 


Chinese Chrysomelid Beetles PLATE I 
J. Linsley Gressitt 
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Chlamisus maculiceps (Gressitt), new combination 
Chlamys maculiceps Gress., 1942, Lingnan Sci. Jour. 20: 355, 361, pl. 21, fig. 4 

(N. Kwangtung). 

An additional specimen (Calif. Acad. Sci.) was taken at Gang-keu, 
near Shang-hang, S. W. Fukien Prov., S. E. China, July 25, 1936, 
J. L. Gressitt. 

Distribution: S. China (Kwangtung; Fukien). 


Chlamisus martialis (Gressitt), new combination 
Chlamys martialis Gress., 1942, Lingnan Sci. Jour. 20: 354, 362 (Kwangtung). 
One specimen (Calif. Acad. Sci.) provisionally referred to this species 
was collected at Nanking, Kiangsu, E. China, Apr. 30, 1923, by E. C. 
Van Dyke. 
Distribution: S. China (Kwangtung; Kiangsu). 


Chlamisus montanus (Gressitt), new combination 


Chlamys montana Gress., 1942, Lingnan Sci. Jour. 20: 356, 363 (Szechuan 


Distribution: W. China (Szechuan). 


Chlamisus pallidiceps Gressitt, new species 
(Plate I, figure 4) 

Small, rugose-punctate. Testaceous to black; head pale testaceous, 
duller on depressed portion of occiput and on genae and mandibles; 
eyes black; antennae ochraceous, duller distally; pronotum testaceous 
on anterior two-fifths, except for anterior border which is brownish, 
black on remainder, with raised areas and part of each lateral groove 
ochraceous; scutellum black; elytra dark pitchy red-brown, black on 
humeri, borders, some of tubercles, and before apices; ventral surface 
black, slightly tinged with ferrugineous; legs testaceous, tinged with 
pitchy on outer edges of femora and tibiae 

Head slightly deeper than wide, slightly convex, reticulate-punctate, 
slightly depressed between antennal insertions and along median line 
of occiput. Antennae somewhat flattened; segments mostly broader 
than long; scape large, gradually thickened distally. Prothorax not 
quite as wide as elytra; pronotum subtrapezoidal, rounded anteriorly, 
strongly swollen dorsally; lateral outline evenly arcuate anteriorly, 
somewhat steeply declivitous from summit towards scutellum, with 
two slightly transverse swellings just above latter; surfaces deeply 
punctured, the punctures shallower and sparser anteriorly and on raised 
portions of sides; dorsum with two pairs of irregular longitudinal 
ridges, the inner pair extending from anterior margin to top of posterior 
declivity, the outer pair less complete, merging with the inner pair 
before summit. Scutellum short, shallowly emarginate posteriorly 
Elytra slightly longer than broad, strongly narrowed just behind 
humeri; surfaces coarsely rugose-punctate; each with a large humeral 
swelling, a moderate swelling at middle of basal margin, and about 
eight discal tubercles of varying magnitude. Ventral surface of body 
coarsely and shallowly reticulate-punctate. Prosternum broadly tri- 
angular in basal half, moderately narrow at middle, somewhat diamond- 
shaped apically, with lateral and apical angles subacute. Pygidium 
broadly scutiform, with three subparallel longitudinal ridges, the outer 
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ones linear; remainder deeply, but not very closely, punctured. Legs 
closely punctured. Length 2.4 mm.; breadth 1.58 mm. 

Holotype: Male (No. 5453, Calif. Acad. Sci., Entom.) Ta-han, 
alt. 750 meters, near Red Mist Mt., C. Hainan Island, S. China, June 22, 
1935, J. L. Gressitt. 

Differs from semirufus Chen in being only about one-half as large, in 
having the pale portion of the pronotum more testaceous, less extensive 
and less well defined, and in having the top of the pronotal disc with 
some fine, regular ridges. 
Distribution: Hainan Island. 


Chlamisus pallidicornis (Gressitt), new combination 
Chlamys pallidicornis Gress., 1942, Lingnan Sci. Jour. 20: 355, 365, pl. 21, fig. 1 
(N. Kwangtung). , 
Distribution: S. China (Kwangtung). 


Chlamisus palliditarsis (Chen), new combination 
Chlamys palliditarsis Chen, 1940, Sinensia 11: 193, 196 (Kwangsi; Szechuan). 
Distribution: S. China (Szechuan; Kwangsi). 


Chlamisus piceifrons (Gressitt), new combination 
Chlamys piceifrons Gress., 1942, Lingnan Sci. Jour. 20: 355, 366, pl. 22, fig. 4 
(Hainan I.). 


Distribution: Hainan Island. 






Chlamisus pilifrons (Léfevre), new combination 
Chlamys pilifrons Lef., 1883, Ann. Soc. Ent. France (6)3: Bull. p. LXII (India); 
Chen, 1940, Sinensia 11: 192, 194 (Kweichow); Gressitt, 1942, Lingnan Sci. 
Jour. 20: 356, 367 (Yunnan ). ; ; 
Distribution: E. India; S. W. China (Yunnan; Kweichow). 


Chlamisus prominens Gressitt, new species 
Plate I, figure 8 

Medium-sized; gibbous, polytuberculate and carinate. Largely 
blackish, in part tinged with ferrugineous; head reddish brown on frons, 
pitchy black on occiput; labrum red; antennae reddish ochraceous; 
pronotum and scutellum pitchy black; elytra dark pitchy red brown, 
black along extreme base and suture; ventral surfaces of body pitchy 
black, reddish on prosternum and slightly reddish on pygidium; legs 
brown with exposed portions partly pitchy; tarsi ochraceous. 

Head very slightly deeper than wide, densely punctate, except for a 
small impunctate area on each side of center adjacent to antennal 
insertions; vertex slightly depressed between antennal insertions; 
occiput slightly depressed medially; labrum prominent, parallel-sided. 
Antennae serrate; scape three times as long as broad; postmedian 
segments flattened and produced ectoapically. Prothorax slightly over 
two-thirds as long as broad, strongly raised dorsally, raised portion 
with three pairs of radiating, sinuous, in part interrupted ridges, more 
or less converging posteriorly on each side of summit; posterior declivity 
steep, but becoming horizontal before scutellum; surface rather deeply 
punctured; each side with a single large tubercle. Scutellum broad, 
with projecting, subacute posteriolateral angles, feebly emarginate 
posteriorly. Elytra subrectangular, slightly widened and swollen at 
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humeri and somewhat rounded posteriolaterally; disc of each with four 
incomplete subsinuous longitudinal ridges, most strongly raised on basal 
portion of second ridge, with three transverse connectives near middle, 
and confusedly terminating in some subapical raised areas and tubercles; 
intervening areas coarsely punctured. Ventral surfaces of body deeply 
punctured with varying density. Prosternum almost forming a perfect 
equilateral triangle, acute apically. Pygidium broadest near dorsal 
margin, with a low tubercle at each border near broadest point, with 
three longitudinal ridges: middle one narrower and less strongly raised, 
and a suggestion of a transverse connection dorsal to middle; surface 
deeply and not very densely punctured. Legs finely punctured. 
Length 3.5 mm.; breadth 2.4 mm. 

Holotype, male (No. 5454, Calif. Acad. Sci., Entom.), Hangchow, 
Chekiang Prov., E. China, May 23, 1923, E. C. Van Dyke. 

Differs from geniculatus Jacoby in having the prosternum forming 
an equilateral triangle, the occiput plane and the pre- and post-median 
transverse tubercles of each elytral disc not connected by an even 
longitudinal ridge. 

Distribution: E. China (Chekiang). 


Chlamisus reticulicollis (Gressitt), new combination 
Chlamys reticulicollis Gress., 1942, Lingnan Sci. Jour. 20: 355, 367, pl. 21, fig. 3 

(N. Kwangtung). 

One specimen (Calif. Acad. Sci.), tentatively referred to this species, 
was taken at Nanking, Kiangsu, E. China, Apr. 30, 1923, by E. C. 
Van Dyke. 

Distribution: S. China (Kwangtung; Kiangsu). 


Chlamisus rufescens Gressitt, new species 
Plate I, figure 7 

Large, subcylindrical. Entirely reddish brown of an ochraceous to 
pale ferrugineous shade, slightly paler on middle of frons, sides of occiput 
and anterior portion of pronotum, duller on sides of abdominal segments, 
and extreme basal, apical and sutural borders of elytra; eyes pale golden 
with dark centers; mandibles and tarsal claws pitchy black. 

Head nearly as broad as long, feebly convex, coarsely and shallowly 
punctured, very slightly depressed in center between eyes. Antennae 
fairly slender, with scape, third and fourth segments much longer 
than broad and median segments fully as long as broad. Prothorax 
not quite as broad as elytra, slightly over two-thirds as long as broad; 
surfaces finely rugose-punctate almost throughout, with irregular raised 
reticulations anteriorly and tubercles or short irregular ridges posteriorly, 
both uniting medially to form a pair of subregular longitudinal ridges 
on dorsal raised portion of disc, slightly interrupted at beginning of 
posterior declivity, which is very gradually sloped and deeply 
emarginate at apex above scutellum. Scutellum broad, subcarinate 
medially, with posteriolateral angles strongly protruding and forming 
a moderately emarginate apex. Elytra moderately narrowed behind 
humeri, subtruncate apically; surface of each coarsely rugose-punctate 
and with a few very feebly raised tubercles except for two at top of 
posterior declivity of each, which make the latter subvertical and 
concave. Ventral surfaces of body with reticulate punctures of varying 
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sizes. Prosternum with basal portion short and broadly triangular, the 
remaining three-fifths slender, slightly broadened posteriorly and 
rounded apically. Pygidium broadest just above middle, deeply 
concave and sparsely and deeply punctured at each side, with a narrow 
median ridge and a pair of sinuous outer ridges which almost meet 
median ridge just above center. Legs stout, shallowly punctured, with 
short white hairs arising from punctures. Length 4.85 mm.; breadth 
3.17 mm. 

Holotype: Male (No. 5455, Calif. Acad. Sci., Entom.), Yim-na San 
(Yam-na Shan), alt. 800 meters, N. E. Kwangtung Prov., S. E. China, 
June 14, 1936, J. L. Gressitt. 

Differs from semirufus Chen in not having any contrasting mark- 
ings; in being brick-red, slightly paler anteriorly, and in having the 
pygidium with a transverse ridge connecting lateral carinae near middle. 

Distribution: S. China (Kwangtung). 


Chlamisus ruficeps (Chen), new combination 
Chlamys ruficeps Chan, 1940, Sinensia 11: 193, 198 (Kwangsi). 
Distribution: S. China (Kwangsi). 


Chlamisus rufulus (Chen), new combination 
Plate I, figure 3 
Chlamys rufula Chan, 1940, Sinensia 11: 193, 200 (Kwangsi). 

Four specimens (Calif. Acad. Sci.) were taken at Mei-hsien (Kaying), 
alt. 200 meters, - E. Kwangtung Prov., June 18, and Tai-au-hong, 
alt. 350 meters, S. of Sungwu, S. E. Kiangsi Prov., July 7, 1936, S. E. 
China, J. L. Gressitt. 

Distribution: S. China (Kwangsi Kwangtung, and S. Kiangsi). 


Chlamisus rugiceps (Chen), new combination 
Chlamys rugiceps Chen, 1940, Sinensia 11: 193, 198 (Kwangsi). 
Distribution: S. China (Kwangsi). 


Chlamisus rusticus (Gressitt), new combination 
Chlamys rustica Gress., 1942, Lingnan Sci. Jour. 20: 354, 368 (Lan-t’au I., near 
Hong Kong; N. Kwangtung). 
Distribution: S. China (Kwangtung; Hong Kong). 


Chlamisus semirufus (Chen), new combination 
Chlamys semirufa Chen, 1940, Sinensia 11: 193, 199 (Tonkin); Gressitt, 1942, 

Lingnan Sci. Jour. 20: 354, 370, pl. 22, fig. 3 (N. Kwangtung). 

Several specimens (U. S. National Museum) were taken near Foo- 
chow, Fukien Prov., S. E. China, 1921 to 1924, by C. R. Kellogg. 
Three specimens (Calif. Acad. Sci.) were taken at Yim-na San, E. 
Kwangtung, June 10, Hong San, June 24 and Tai-au-hong, July 5, 
S. Kiangsi, 1936, J. L. Gressitt. 

Distribution: Indo-China (Tonkin); S. China (Kwangtung; Kiangsi; 
Fukien). 


Chlamisus setosus (Bowditch), new combination 


Chlamys setosa Bowd., 1913, Trans. Amer. Ent. Soc. 39: 20 (Yunnan); Chen, 1940, 
Sinensia 11: 192, 193. 
Distribution: S. W. China (Yunnan). 
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Chlamisus sexcarinatus (Gressitt), new combination 
Chlamys sexcarinata Gress., 1942, Lingnan Sci. Jour. 20: 355, 370, pl. 21, fig. 5 

(N. Kwangtung). 

An additional specimen (Calif. Acad. Sci.) was taken at Wong-sa- 
shue, alt. 580 meters, S. E. Kiangsi Prov., S. E. China, July 9, 1936, by 
J. L. Gressitt. 

Distribution: S. China (Kwangtung; S. Kiangsi). 


Chlamisus spilotus (Baly), new combination 
Chlamys spilota Baly, 1873, Trans. Ent. Soc. London 85 (Japan); Jacoby, 1885, 

Proc. Zool. Soc. London, 199. 

Specimens (Calif. Acad. Sci.) were taken at Hakone, Honshu, 
Japan, April, 1895, J. Koebele; Kobe, Honshu, Japan, May 8, 1909, 
J. C. Thompson; Nanking, Kiangsu, E. China, May 3, 1923, E. C. 
Van Dyke; Tachikawa, near Tokyo, Japan, May 10, 1930, and Mt. 
Takao, west of Tachikawa, June 20, 1931, J. L. Gressitt. - New to 
China. 

Distribution: Japan; E. China. 


Chlamisus stercoralis (Gressitt), new combination 
Plate I, figure 9 
Chlamys stercoralis Gress., 1942, Lingnan Sci. Jour. 20: 355, 371, pl. 22, fig. 5 

(Hainan; Kwangtung). 

One specimen (Amer. Mus. Nat. Hist.) was taken at Yen-ping, 
Fukien Prov., S. E. China, June 9, 1917, by the Rev. Harry Caldwell 
(Ac. 5148). Another (Calif. Acad. Sci.) was taken at Ta-hian (Ta-sian- 
kwan), near Five Finger Mts., S. C. Hainan Island, June 11, 1935, 
J. L. Gressitt. 

Distribution: Hainan I.; Kwangtung; Fukien. 


Chlamisus subferrugineus (Gressitt), new combination 
Chlamys subferruginea Gress., 1942, Lingnan Sci. Jour. 20: 355, 373 (Hainan). 
Distribution: Hainan Island. 


Chlamisus superciliosus Gressitt, new species 
Plate I, figure 1 

Small, moderately narrow, subparallel-sided, narrowed anteriorly 
and truncate posteriorly. Shiny black with a very slight suggestion 
of brownish on elytra and ventral surfaces of body; head pale ochraceous 
with inner and upper borders of antennal insertions, eyes, frons and 
genae, and center of occiput, black; antennae pale ochraceous on first 
two segments, pitchy brown on remainder; central and lower portion 
of anterior declivity of pronotum yellow, p aler than head; femora and 
tibiae very slightly reddish on inner sanihetes tarsi testaceous. 

Head subcircular, feebly convex, shallowly depressed between 
antennal insertions and along postmedian portion of occiput, sub- 
coarsely and shallowly reticulate-punctate. Antennae with scape 
large: one-half as broad as long and longer than following three seg- 
ments combined; second segment broader than long; third and fourth 
slender, subequal ; fifth and following stout, broader than long, rather 
pubescent. Prothorax two-thirds as long as broad, nearly as wide 
basally as elytra, strongly narrowed anteriorly, somewhat sinuate 
at sides; disc strongly raised dorsally, in lateral view anterior declivity 
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steep, somewhat evenly arched to anterior margin; summit angularly 
concave and posterior declivity steep, convex, obtusely concave at 
bottom; surface somewhat deeply punctured, rather coarsely. or sparsely 
so at sides and in front, densely so above; sides moderately convex; 
dorsum with three pairs of prominent carinae: first parallel, not quite 
reaching anterior border, second oblique, sinuate, meeting first pair 
at summit, third oblique, along top of lateral declivities, turning and 
continuing down posterior declivity. Scutellum partly covered by 
pronotum, apparently very short, with acute posteriolateral angles, 
slightly emarginate posterior border, and somewhat roughened surface. 
Elytra subrectangular, sinuate at sides, truncate posteriorly; each 
coarsely punctured, a single short auburn hair arising from each puncture 
and with about five distinct punctures and some lesser raised areas and 
incomplete ridges; most prominent tubercles situated at middle of 
basal margin, just before and just behind middle, and at top and side 
of posterior declivity. Ventral surfaces of body with large, spaced, 
shallow punctures on metasternum and smaller ones on abdomen. 
Prosternum constricted behind middle, spear-head shaped posteriorly. 
Pygidium broader than deep, widest near base, with three subparallel 
and somewhat closely approximate longitudinal ridges, the outer ones 
not well defined; surface sparsely punctured, concave at sides. Length 
2.7 mm.; breadth 1.65 mm. 

Paratypes: Pale area of front of pronotum often equilaterally 
triangular, less extensive than in the holotype. Length 2.4-2.85 mm.; 
breadth 1.5-1.88 mm. 

Holotype: (No. 5456, Calif. Acad. Sci., Entom.), Yim-na San 
(Yam-na Shan), alt. 600 meters, N. E. Kwangtung Prov., S. E. China, 
June 13, 1936, J. L. Gressitt. Paratypes (Calif. Acad. Sci. and Lingnan 
Nat. Hist. Mus.): Tsing-leong San, alt. 850 meters, N. E. Kwangtung 
Prov., June 4, 1936, Gressitt; Ta-han (Ta-hon), alt. 750 meters, central 
Hainan Island, June 21 (two specimens) and June 23 (one specimen), 
1935, Gressitt. 

Differs from Chlamisus hanoiensis (Bowditch), new combination, in 
lacking any tubercles or branching ridges on the pronotal disc, and 
lacking a distinct bronzy tinge. 

Distribution: S. China (Kwangtung); Hainan Island. 


Chlamisus tuberculithorax (Gressitt), new combination 


Chlamys tuberculithorax Gress., 1942, Lingnan Sci. Jour. 20: 356, 374, pl. 22, fig. 6 
(Hainan). 


Distribution: Hainan Island. 


Chlamisus uniformis Gressitt, new species 
Plate I, figure 2 

Medium sized; rather evenly convex and almost without tubercles, 
though coarsely punctured. Black, partly marked with ferrugineous: 
head largely reddish brown, blackish along median line of occiput and 
upper borders between superior eye-lobes; antennae reddish; pronotum 
sooty black with anterior border and irregular patches of reddish on 
anterior half and sides; elytra black, very slightly tinged with pitchy; 
ventral surfaces black or pitchy black; legs pitchy to reddish with tarsi 
ochraceous. 
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Head nearly round, feebly convex, subcoarsely punctured, slightly 
depressed between antennal insertions and along middle of occiput 
Antennae with scape more than twice as broad as long, second segment 
short and stout, third and fourth slender, subequal, but not very long, 
and remainder moderately thickened and expanded externally. Pro- 
thorax two-thirds as long as broad, broadly rounded anteriorly, feebly 
sinuate at sides; lateral outline subevenly convex from anterior margin 
to summit, slightly tuberculate just behind summit and moderately 
declivitous posteriorly to posterior extremity; surfaces almost entirely 
covered with moderately coarse and moderately deep punctures, slightly 
smaller and denser at middle of sides and along median line, which 
consequently appears as a slightly depressed strip; reddish areas slightly 
raised, being more coarsely punctured or slightly tuberculate; a single 
tubercle on each side of top of posterior declivity, which is hardly 
grooved except between these two tubercles. Scutellum about twice 
as broad as long, bluntly acute ectoapically, moderately emarginate 
posteriorly, depressed behind center. Elytra very slightly longer than 
broad, sinuate laterally, constricted behind humeri, broadly rounded 
posteriolaterally, rounded truncate apically; each very coarsely punc- 
tured except on humerus which is finely corrugated, lacking  rortfrment 
tubercles, with only the suggestion of the mid-basal, pr’ and _ post- 
median and apical ones, and with longitudinal ridges alr st obsolete 
Ventral surfaces of body coarsely reticulate-punctate on metathorax, 
more finely so on abdomen; sides of first abdominal segment without 
prominent swellings. Prosternum triangular anteriorly, slender posteri- 
orly, somewhat wedge-shaped. Pygidium subtriangular, widest near 
base, raised along central portion, convex apically, with three sub- 
similar longitudinal ridges, each somewhat irregular, the outer ones 
subsinuate; depressed areas somewhat finely, deeply and sparsely 
punctured, more coarsely and densely so at apex. Legs rather coarsely 
and subreticulately punctured on exposed port. n. Length 3.64 mm.; 
breadth 2.26 mm. 

Holotype: (No. 5457, Calif. Acad. Sci., Ei.tom.), Tsin-leong San 
(Tsing-leung Shan), alt. 850 meters, N. E. Kk vangtung Prov., S. E 
China, June 3, 1936, J. L. Gressitt. 

Differs from semirufus Chen in having the elytral discs almost 
without tubercles instead of with several strong tubercles, and the 
pronotal markings dull reddish instead of bright orange, and in being 
smaller. 

Distribution: S. E. China (Kwangtung). 


Chlamisus velutinomaculatus Gressitt, new species 
Plate I, figure 5 

Moderately elongate, subcylindrical, broadest at humeri; rough, 
irregularly tuberculate; some velvety spots on pronotum. Dark 
pitchy red-brown, nearly black in places, including humeri and thoracic 
and abdominal sternites; tarsi and raised areas of head and pygidium 
paler reddish; pronotum with five velvety black spots on anterior part 
of raised central portion: two near anterior margin and three in a 
transverse row more dorsally, as well as some other somewhat similar 
black spots. 
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Head slightly deeper than wide, rather rough, somewhat convex in 
center between antennal insertions and irregularly raised on each side 
of occiput, which latter is grooved medially; surface irregularly, but for 
most part coarsely, punctured. Antennae slender; scape more than 
three times as long as broad, slightly arched; second segment fully as 
long as broad; third and fourth slender, subequal, each hardly longer 
than second; fifth somewhat broadened distally; remainder flattened, as 
broad as long, or broader than long. Prothorax nearly three-fourths as 
long as broad, irregular at sides, broadly rounded anteriorly, not very 
strongly swollen dorsally, somewhat uneven in lateral outline, but in 
the main somewhat regularly, and not very strongly, convex; posterior 
declivity feeble, concave in lateral outline; surface very irregularly 
punctured, both as to size and density of punctures, and with numerous 
low tubercles or subreticulate ridges; velvety spots depressed, very 
deeply punctured and with short erect black hairs, which are hard to 
distinguish; a tubercle on each side of top of posterior declivity. 
Scutellum transverse, produced ectoapically, emarginate-truncate 
posteriorly, carinate medially. Elytra subtrapeziform: moderately, 
and subevenly, narrowed posteriorly, subtransversely truncate apically; 
each very gough, with irregular large punctures and numerous tubercles 
of various-sizes, the most prominent ones located as follows: one just 
before andomme just behind middle, and one at top and one at side of 
posterior declivity; also with several deeply impressed areas: one at 
side just behind center, one before and one behind postmedian tubercle, 
one at side just before apex and one on posterior declivity; suture 
bearing slender acute teeth on posterior three-fourths, the teeth becoming 
obsolescent anteriorly. Ventral surfaces of body coarsely and shallowly 
reticulate-punctate; sides of first abdominal segment with three low 
swellings. Prosternum with anterior portion broadly triangular, twice 
as broad as long, and. posterior portion narrow, subparallel-sided and 
subacute apically. "‘vgidium slightly deeper than wide, broadest 
between base and1.. ile, broadly rounded and slightly arched apically, 
with three ridges: meatan one straight and narrow, outer ones irregular, 
sinuous, with transverée connectives above and below middle, thus 
forming eight depressed areas, which are concave, somewhat smooth- 
surfaced and with sparse, deep punctures. Legs shallowly and irregu- 
larly punctured. Length 4.62 mm.; breadth 3.15 mm. 


Paratypes: General coloration brighter reddish brown to reddish 
ochraceous, with deeper portions of punctures and depressed areas, 
and velvety spots, black. Length 4.2-4.4 mm.; breadth 2.75-2.85 mm. 

Holotype: (No. 5458, Calif. Acad. Sci., Entom.), Wong-sa-shue, 
alt. 550 meters, S. E. Kiangsi Prov., S. E. China, July 9, 1936, J. L. 
Gressitt. Paratypes: one (Lingnan Nat. Hist. Mus.), Gang-keu, 
near Shang-hang, S. W. Fukien Prov., S. E. China, July 28, 1936, 
J. L. Gressitt, and one (Calif. Acad. Sci.), Nodoa (Noh-tai), alt. 150 
meters, Hainan Island, S. China, July 1, 1935, Gressitt. 

The Hainan specimen is the palest. 


Differs from lewisi Baly in having the pronotum with irregular 
tubercles instead of subregular ridges, and with the posterior portion 
depressed and subtuberculate instead of strongly compressed laterally 
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and ridged. The tubercles and ridges of the elytra are less sharp than 
in lewist. 
Distribution: S. China (S. Kiangsi; Fukien); Hainan Island. 


Chlamisus yunnanus (Bowditch), new combination 
Chlamys yunnana Bowd., 1913, Trans. Amer. Ent. Soc. 39: 308 (Yunnan); Chen, 
1940, Sinensia 11: 193, 195. 
Distribution: S. W. China (Yunnan). 


APPENDIX 
RECORDS OF EXTRA-CHINESE SPECIES 
Chlamisus formosanus (Bates), new combination 
A specimen (Calif. Acad. Sci.) was taken at Musha, central Formosa, 
May 19, 1932, J. L. Gressitt. 


Chlamisus geniculatus (Jacoby), new combination 
One specimen (Calif. Acad. Sci.) was collected near Naze (Nase), 
Amami-Oshima Island, northern Ryu Kyu Islands, June 9, 1932, 
J. L. Gressitt. 


Chlamisus japonicus (Jacoby), new combination 
Several specimens (Calif. Acad. Sci.) were collected at Nikko, 
Honshu, Japan, by Joseph Koebele. 


Chlamisus lewisi (Baly), new combination 
One specimen (Calif. Acad. Sci.) was taken at Unzen Hot Springs, 
Kyushu, July 8-12, 1923, E. C. Van Dyke. 


Chlamisus nigripes (Chujo), new combination 
One specimen (Calif. Acad. Sci.) was taken at Sakahen, near Karenko, 
east coast of Formosa, July 12, 1934, J. L. Gressitt. 


A REVIEW OF THE LITERATURE ON SOIL INSECTICIDES, by H. C. 
GouGH. 161 pages. The Imperial Institute of Entomology, 41 Queen’s 
Gate, London, S. W. 7, 1945. Price, ten shillings. 

Dr. Gough states in his introduction that the Review is limited strictly to 
soil insecticides, omitting the problem of soil sterilization, which is particularly 
concerned with micro-organisms, and the control of nematodes, myriapods and 
arachnids in the soil. The control of soil insects by poison baits is also excluded. 
He states further that the Review of Applied Entomology has been perused in toto 
as a basis for his work, although other works have been consulted. His bib- 
liography of sixteen pages, including several hundred titles, is evidence of his 
thorough survey of published information. 

Following a short discussion of methods of application, distribution of insecti- 
cides in the soil, methods of assaying toxicity, and effects on plants and micro- 
organisms, the body of the work treats the more important soil insecticides one 
by one, and under each lists the insect pests by orders against which the poison 
has been tried. 

The Review is compactly written and its pages are somewhat larger than 
those of the Annals, hence an enormous amount of information is included in it. 
It should be an indispensable reference work in this field.—A. W. L. 
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OF A CHIGGER MITE, EUTROMBICULA BATATAS 


(Acarina: Trombiculinae) 
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INTRODUCTION 


Although chiggers are severe pests in many parts of the world and 
are important disease vectors in a large area of the Far East, detailed 
life history studies have so far been published only for the Japanese 
species. Life history studies of this group have a peculiar importance 
from the standpoint of disease transmission, since an individual chigger 
feeds on a vertebrate host only once during its entire life, and in only 
one stage, the larva. The disease organisms must, therefore, pass from 
the larva of one generation through all the successive stages, including 
the egg, to the larva of the next generation. In the present paper the 
life history of one of the species of chiggers most commonly encountered 
in Panama is discussed. 

From the Western Hemisphere about ninety species of Trombiculinae 
have been described. Most of these are known only from the larval 
stage, only about eight from the adult stage, and apparently but two, 
Eutrombicula alfreddugési (Oudemans) in North America and E. géldii 
(Oudemans) in South America are known in both larval and adult 
stages. The observations here described were made in Panama on 
Eutrombicula batatas (Linnaeus), which is the much discussed but little 
known pattata mite of Surinam. Larvae and adults of a few other 
species were correlated in Panama by Capt. Roy Melvin, and it is 
hoped that information on these will be published at a later date. 

The classification of the trombiculine mites leaves much to be 
desired. There are twenty-five named genera in the world, all based 
on larval characters. About thirteen of these genera are known from 
the Western Hemisphere. The study of adults has gone quite inde- 
pendently, most of them having been placed in the genus Trombicula. 


NOMENCLATURE 
The following appears to be the correct synonymy for Eutrombicula 
batatas (Linnaeus): 


Acarus batatas Linnaeus, 1758, Syst. Nat., 10th Ed., Genus 235, Species 22. 

Thrombidium batatas, Oudemans, 1905, Nova Guinea, 1903, vol. 5, p. 148. 

Gen. ? batatas, Oudemans, 1912, Zool. Jahrb., Suppl. 14, Heft 1, p. 3. 

Trombicula batatas, Ewing, 1931, Proc. U.S. Nat. Mus., vol. 80, Art. 8, p. 6; Schier- 
beek, 1937, Ann. Parasit. Hum. Comp., vol. 15, p. 329; Schierbeek, 1938, Acta 
Leidensia, vol. 12-13, p. 269; van Thiel and van Ommeren, 1940, Geneesk. 
Tidschr. Ned.-Ind., vol. 80, 0. 1638; Radford, 1942, Parasitology, vol. 34, p. 57. 

? Pattata-luis van Stockum, 1904, Tijdschr. Kon. Nederlandsch Aardr.-kundig 
Gen. 1904, Verslag. Saramacca-Exp., p. 22. 

Trombicula flui, van Thiel, 1930, Parasitology, vol. 22, p. 347; Ewing, 1931, Proc. 
U.S. Nat. Mus., vol. 80, Art. 8, p. 7. 
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Eutronbicula flui, Ewing, 1938, Jour. Wash. Acad. Sci., vol. 28, p. 294; Radford, 
1942, Parasitology, vol. 34, p. 66. 

Acariscus flui, Ewing, 1948, Proc. Ent. Soc. Wash., vol. 48, p. 64; Islas, 1943, An. 
Inst. Biol., Univ. Nac. Mexico, vol. 14, p. 441. 

Trombicula hominis, Ewing, 1943, Proc. U. S. Nat. Mus., vol. 82, Art. 29, p. 5; 
Ewing, 1938, Jour. Wash. Acad. Sci., vol. 28, p. 294; Radford, 1942, Parasitol- 
ogy, vol. 34, p. 66. 

Acariscus hominis, Ewing, 1943, Proc. Ent. Soc. Wash., vol. 45, p. 63. 

Trombicula pastorae Boshell and Kerr, 1942, Rev. Acad. Colombiana Cien. Exact., 
Fisico-Quim. y Nat., vol. 5, p. 12. 


E. flui and E. hominis have not previously been considered as 
synonymous. It is evident, however, from a study of specimens and 
descriptions, that the supposed differences are largely the result of 
inaccurate observations and descriptions. 

The third pedipalpal seta is described as simple for hominis (Ewing, 
1933, 1943). Van Thiel (1930) failed to see it in flui, showing only 
the fourth but Ewing (1943) describes the third as branched. From 
Ewing’s figure (1933) it seems certain that he, like van Thiel, failed 
to see the third seta and described instead the fourth, which is simple 
and is much more conspicuous than the third. In all Panamanian speci- 
mens which I have studied including those from the type locality of 
hominis the third seta of the pedipalp is branched, but its position is 
such that it is often difficult to see. Finally, certain of my Panamanian 
specimens were sent for comparison with the types of hominis to Ewing, 
his attention being drawn to the branching of the third pedipalpal seta. 
He identified them as undoubtedly hominis. 

From a study of Ewing’s (1943) descriptions it would appear that 
the prongs of the claws of the pedipalps are subequal in hominis while 
the outer is the longer in flui. However, the original description of 
hominis (Ewing, 1933) states that the outer is longer. 

The dorsal abdominal setae are said to be thirty-two in number in 
hominis, thirty-four in fui. In unengorged specimens, the number of 
apparently dorsal setae ranges from thirty-two to thirty-six, depending 
on slight variations in the positions of the terminal abdominal setae and 
perhaps on the manner in which the specimen is flattened on the slide. 
In figure 1 there are indicated thirty-two dorsal abdominal setae not 
counting the near marginal “b’’ and ‘‘c.”’ This is as in the hominis 
types as indicated in a letter from Dr. Ewing. In many specimens, 
however, ‘“‘b’” becomes clearly dorsal and “‘a’’ marginal or even, occa- 
sionally, dorsal, as shown on one side of van Thiel’s figure of fui. There 
is no actual difference in the number of setae involved, but merely slight 
differences in position such as are often observed elsewhere on the 
body. On other parts of the body, however, such variations do not 
result in shifting setae from dorsal to ventral in position, and hence 
have never been considered important. It has not been possible to 
correlate these variations with other characters, such as the relative 


EXPLANATION OF PLATE I 


Fig. 1, Larva of Eutrombicula batatas, dorsal view on right, ventral view on 
left. Fig. 2, Apex of pedipalp of larva. Fig. 3, Detail of sculpture of chorion of 
egg. Fig. 4, Section of same. 
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sizes of the eyes. (See remarks on the larva for other notes on other 
variations in chaetotaxy.) 

The anterior margin of the dorsal plate is correctly described and 
figured for hominis as biconcave. For flui it is described and figured 
as convex. From a study of van Thiel’s (1930) figure of flui it is evident 
that he saw, not the anterior margin of the plate, but an arcuate fold 
that often develops in the integument in front of the plate. This 
fold extends between the anterolateral angles of the plate, and is com- 
monly more conspicuous in unstained specimens on slides than is the 
margin of the plate. The anterior limit of the pitted area shown by 
van Thiel is actually near the anterior edge of the plate. As shown in 
figure 1 the pitted area extends almost to the margin of the plate. The 
excess length thus given the dorsal plate by van Thiel is responsible 
for the statement that the pseudostigmatic organs are about as long as 
the plate in flui, longer in hominis. 

In passing it is well to state that in order to avoid similar errors it is 
desirable to study properly stained mites. A simple method of staining 
larvae, which because of their small size are troublesome to transfer 
from one liquid to another in preparation for mounting, is to dissolve 
a stain in the mounting medium. Both acid fuchsin and iodine crystals 
dissolve slowly in Berlese medium, giving it a strong color which is 
taken up by the mite integument. 

From the evidence given by Schierbeek (1937, 1938) and van Thiel 
and van Ommeren (1940) there is very little doubt that flui is a synonym 
of batatas. Both were described from Surinam. Although the Linnaean 
description does not give diagnostic structural characters, the species 
was stated to attack man in a field. These authors found flui to be 
the only species commonly attacking man in Surinam, and therefore 
regarded flui as a synonym of batatas. The fact that both were 
described from open fields is a further indication that the synonymy 
is correct. At the earliest opportunity a specimen from Surinam 
should be designated as a neotype of Acarus batatas Linnaeus, in order 
to leave no further room for argument. 

The generic name Eutrombicula is here used, Acariscus being con- 
sidered a synonym. When Acariscus was named (Ewing, 1943) it was 
defined to include species previously placed in Eutrombicula but having 
more abdominal setae. Many species of Eutrombicula have twenty-two 
dorsal abdominal setae. The species placed in Acariscus have 26, 28, 
30, 32, 34, 38, and 50 in the various species. In itself this arrangement 
is not tenable, there being much greater differences among the species 
of Acariscus than between Acariscus and Eutrombicula. The discovery 
in Panama of a species (as yet undescribed) with twenty-four dorsal 


EXPLANATION OF PLATE II 


Fig. 5, Apex of chelicera of nymph of Eutrombicula batatas. Fig. 6, Hair from 
posterior part of body of nymph. Fig. 7, Cristaofnymph. Fig. 8, Crista of adult. 
Fig. 9, Hair from posterior part of body of adult. Fig. 10, Last two segments of 
anterior leg of adult. Fig. 11, Detail of integument of protonymph. Fig. 12, Inner 
view of pedipalp of nymph. Fig. 13, Inner view of apex of same. Fig. 14, Inner 
view of apex of pedipalp of adult. Fig. 15, Inner view of pedipalp of adult. Fig. 16, 
Genital area of nymph. 
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abdominal setae completely bridges the gap between Eutrombicula and 
Acariscus. The ventral abdominal setae are similarly useless in 
separating these genera. 


OCCURRENCE 

As now known, Eutrombicula batatas ranges from Dutch Guiana to 
Colombia and Panama and north to Puerto Rico, Florida, Alabama and 
the state of Puebla, Mexico. New Panamanian locality records are as 
follows: 

Canal Zone: Juan Mina, Summit. Panama Province: Panama 
City, San Francisco de la Caleta, Matias Hernandez, Camarén, 
Chilibre, Las Guacas. Colon Province: Santa Rosa, Gatuncillo. 

This is a species found in open sunlit places. It has not been 

collected in wooded or jungle areas. The nymphs and adults live, at 
least during the.rainy season, on the surface of the soil or within one-half 
inch of the surface in areas of dense but short grass or other herbaceous 
vegetation. Frequent rains and the shade provided by the grass keep 
the soil surface moist. Adults of most other local species must be 
searched for in the leaf mold and debris of the forest or stream banks, 
or under rocks and logs, but to find the adults of batatas it is only 
necessary to part the grass where larvae are abundant and search for 
them on the soil surface. Indeed in morning and evening, when the sun 
does not strike the ground, adults and nymphs of batatas may be found 
walking about on open ground near the grass. At night, however, they 
become quiescent, often gathering in groups of as many as five or six 
in favorable small hollows in the soil. 

The larvae occur on the grass and weeds sometimes in great numbers. 
They have not been found on logs, stumps, and the like where larvae of 
certain other species often occur. This agrees with the observations 
on this species made by van Thiel and van Ommeren (1940) in Dutch 
Guiana and indeed with the Linnaean account of the species. Larvae 
survive heavy rains, clinging to the grass blades or leaves of weeds. 
When the grass is wet with rain or dew the larvae are relatively inactive, 
although they are able to walk on the surface film of water. They are 
easily dislodged from wet grass, however, and will then cling to man or 
animals walking through the area. Greatest larval activity occurs 
after the grass becomes partially dry in the morning, usually between 
8:30 and 9:30 a. m. on a clear day and continues until the temperature 
in the vicinity of the tops of the grass blades reaches about 40° C. At 
temperatures above this the larvae are not in evidence in any numbers, 
probably disappearing into the shade near the bases of the plants. 
When the sun is obscured by clouds the larvae are more or less active, 
but never in the numbers that are seen in bright sunlight in the morning 
immediately after the dew has dried. 

This species apparently becomes abundant only in the grassy areas 
around houses and in villages where domestic animals, particularly 
chickens, are numerous. At Santa Rosa, Panama, where most of my 
observations were made, larvae have been collected attached to man, 
goat, dog, rat, chicken, ruddy ground dove (Chaemepelia rufipennis), ani 
(Crotophaga ani), and striped cuckoo (Tapera naevia). Other recorded 
hosts are horse, guinea hen, southern meadowlark (Sturnella magna 
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argutula), brown thrasher (Taxostoma rufum) (Ewing, 1943), turkey 
(Boshell and Kerr, 1942), and lizards (Schierbeek, 1937). The species 
is evidently rare on reptiles, however. 

On children wearing only loose clothing over 80 per cent of the 
larvae attached in the groin and under the armpits. In one instance 
138 attached larvae were found on a twelve-year-old boy who, after 
being freed of all chiggers, played in chigger infested grass for three 
hours. On adults many larvae attach on the ankles under socks, in 
the groin, and about the belt line. But few reach as high as the arm- 
pits. On chickens, the most important hosts where I have studied 
E. batatas, the chiggers tend to gather in groups about the vent, under 
the wings, and elsewhere on the body. They are most numerous on 
young, partially feathered birds. As many as a thousand have been 
taken from a single young chicken. Older chickens become equally 
favored hosts if some of the body feathers are clipped off. On goats 
the larvae gather in masses under the bases of the legs. 

Eutrombicula batatas is abundant in favorable localities throughout 
the rainy season and larvae, at least, can be found during the first 
month of the dry season. After becoming gradually scarcer for several 
weeks, the larvae finally disappeared completely near Panama City 
about February 5, 1945. They reappeared there, after considerable 
rain, about May 30. At Santa Rosa, where there is considerably 
more rain, they disappeared about February 15, reappeared about 
May 10. How the species survives the dry season, when the grass 
becomes dry and brown, is not known. It has been observed that the 
soil cracks deeply in drying and it may be that the species passes the 
dry season from February to April or May deep in the soil where it is 
relatively moist. Attempts to find these mites by digging, however, 
have been unsuccessful. 


LIFE HISTORY AND DESCRIPTIONS OF THE STAGES 


Egg: The eggs are laid singly on the surface of moist soil. Melvin 
records laying of eggs in masses. This is certainly not the usual thing, 
but may have resulted from his method of forcing egg production by 
heat. Thus far, among numerous mounted females, not more than one 
egg has been found in an individual. Apparently the chorion is formed 
on only one egg at a time, which is laid before another chorion is 
formed. 

The eggs are spherical, pale dull orange, about 0.15 mm. in diameter, 
the shell rather thick and with numerous, irregularly shaped depressed 
areas giving it a reticulate appearance. 

Because of their dull coloration and minute size, the eggs must be 
searched for with a binocular microscope. Failure to find the eggs of 
Eutrombicula alfreddugési except in the bodies of females (Ewing, 1944) 
does not seem to be a good indication of ovoviviparity. 

Deutovum: About four or five days after being laid, the egg shell 
breaks into anterior and posterior portions, which become separated 
from one another as shown in figures 18 and 19, exposing the median 
portion of a stage called by Miyajima and Okumura (1917) the 
deutovum. Ewing (1944) calls this the ‘‘cast cuticular exuvia of the 
fully developed embryonic larva.” It should be pointed out that 
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Ewing’s opinion was based on the figure given by Miyajima and 
Okumura which apparently shows the ‘‘deutovum” at a time when 
the larva is already moving about inside attempting to emerge, and 
does not give a good i impression of the organism at this stage. Without 
expressing an opinion as to the true nature of the structure involved, 
the word deutovum will be used for convenience here. 

The two portions of the egg shell may be easily removed from the 
deutovum exposing it as shown in figures 20 and 21. It is about 
0.2 mm. long, obviously larger than the egg, perhaps having absorbed 
water. The surface is smooth, without setae or papillae, and the leg 
and pedipalpal sheaths show no segmentation except that indicated 
by the developing larval appendages within. It may be noted here 
that the leg sheaths are much more distinct, and separable from one 
another in some of the related mites such as Manriquia, in which the 
deutoval stage lasts several weeks. On the dorsum of the deutovum is 
a single spine. 

The posterior part of the body is quite red, and the red ocular 
areas of the larva show through the deutoval integument. The 
trochanters of the larval legs extend out into the three lateral projec- 
tions of the deutovum, the more distal portions of the legs being bent 
downward and forward into the leg sheaths. 

Larva: After about six to seven days in the deutoval stage, ten or 
twelve days after egg laying, the fully formed larva emerges from the 
deutovum. Its activity begins by moving the legs, which can be see1 
through the translucent deutoval cuticula, back and forth in their 
sheaths. In a few hours it works its way free. 

The body of the larva is red, the ocular areas deep red, the appendages 
pale. The newly hatched larva is about 0.19 to 0.2 mm. long. 

The characters of the larva are shown in figure 1. Variations in 
the apparent positions of the apical abdominal setae are described 1 
the portion of this paper entitled ‘‘Nomenclature.’’ In addition there 
are actual variations in the positions of certain setae in unengorged 
individuals. Noticeable in this connection is the variation in the 
dorsal sublateral seta immediately behind the third transverse row of 
eight setae. On one or sometimes both sides of the body this seta 
often moves forward into the preceding row of setae, so that the dorsal 
setal formula becomes 2-8-8-9, etc., or 2-8-8-10, etc., instead of 
2-8-8-8, etc. In one specimen studied there were nine instead of 
eight setae in the second row on the dorsum, and in another the same 
was true of the third row. The ventral abdominal setae often vary in 
number as well as position on the two sides of the body. The most 


EXPLANATION OF PLATE III 
(Figures 17 to 34 are all drawn to the same scale 

Fig. 17, Egg of Eutrombicula batatas. Fig. 18, Dorsal view of deutovum 
partially covered by broken egg shell Fig. 19, Lateral view of same. Fig. 20, 
Dors: al view of deutovum with egg shell removed. Fig. 21, Lateral view of same 
Fig. 22, Dorsal view of unengorged larva. Fig. 23, Lateral view of same. Fig. 24, 
Lateral view of engorged larva in position assumed prior to transformation. 
Fig. 25, Dorsal view of engorged larva. Fig. 26, Ventral view of protonymph 
Fig. 27, Lateral view of same. 
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common variation of this sort is shown clearly by van Thiel (1930). 
Often there is one, or even two setae on one or sometimes both sides 
of the body in the vacant spaces midway between the anus and the seta 
marked ‘‘a”’ in figure 1. In one specimen the posterior sternal seta 
on one side of the body was absent. 

The body setae appear more plumose than in the figure if the speci- 
men is strongly compressed, since then the branches are pressed more 
nearly into the same plane. 

The structure termed the ‘‘inner maxillary lobe”” by Ewing (1944) 
is relatively small in most mounted specimens but under certain con- 
ditions is large and flat as shown in figure 1. It appears that when 
specimens are killed in Berlese mounting medium the lobes are large 
but when killed in alcohol and mounted later in the same medium the 
lobes are small. 

Larvae can live in the laboratory for nearly two weeks without 
feeding. It may be that under natural conditions they would survive 
longer. 

On finding a suitable host animal the larvae attach and engorge, 
reaching a length of 0.3 to 0.35 mm. Engorgement begins rather 
rapidly. On man specimens which have been attached only three 
hours are noticeably larger than unattached individuals. The length 
of time which chiggers remain attached to chickens varies from two 
to ten days. The great majority remain attached three or four days 
and only very few more than six days. After engorgement is complete 
the larvae drop from their host. They then crawl about actively for 
a period of time ranging from a few hours to four days, usually about 
one day. They then become quiescent, assuming the position shown 
in figure 24 with the legs commonly straight, the abdomen elevated, 
and the mouthparts serving to hold the mite in place. This usually 
takes place in nature in the bases of tufts of grass. 

Soon after assuming this position the legs and mouthparts lose the 
power of movement, histolysis evidently taking place within them. 

Protonymph: Within the body of the quiescent engorged larva the 
nymph develops, with its appendages folded up and completely inde- 
pendent of the larval appendages. Surrounding the developing nymph 
in the same manner that the deutoval integument surrounds the develop- 
ing larva is a membrane which is considered by some to be the 
integument of the protonymph. This stage was called the nympho- 
chrysalis by Miyajima and Okumura (1917) but according to Ewing 
(1944) is apparently homologous with the protonymph of many other 
mites. The word protonymph seems preferable to nymphochrysalis. 
The same membrane surrounding the developing nymph was termed the 
apoderm by: Nagayo, Miyagawa, Mitamura, and Imamura (1917), 
who describe changes in its structure and the development of the 
nymphal appendages, the apoderma by Henking (1882) and the 
Zwischenhaut by Claparéde (1868). 


EXPLANATION OF PLATE IV 
Fig. 28, Lateral view of newly emerged nymph of Eutrombicula batatas. 
Fig. 29, Ventral view of preadult. Fig. 30, Dorsal view ofnymph. Fig. 31, Lateral 
view of preadult. Fig. 32, Lateral view of preadult within nymphal integument. 


Observations on Chigger Mite 
Charles D. Michener 


PLATE IV 





i111 








112 Annals Entomological Society of America |Vol. XX XIX, 


The protonymph (figures 26 and 27) never emerges from the larval 
integument, but must be dissected out before the emergence of the 
nymph. For a few days before emergence of the nymph, the proto- 
nymphal body shape and appendages may be seen through the tightly 
stretched larval integument, just as the preadult may be seen through 
the stretched nymphal integument (figure 32). The integument of 
the protonymph is minutely tuberculate. There is a dorsal spine, 
which according to Nagayo, Miyagawa, Mitamura, and Imamura 
(1917) is used to pierce the larval skin. The appendages are unseg- 
mented and saclike. The nymphal appendages develop within those 
of the protonymph. 

Nymph: The nymph emerges from the protonymphal and larval 
integuments through a transverse opening in the anterior part of the 
dorsum from five to seven days after the larva becomes quiescent. 
On first emerging the nymph seems very small and is dull red but 
within a few hours at most its body seems to swell and the body hairs 
become dry and fluffy, giving the characteristic brilliant red color as 
well as an appearance of larger size. 

The nymph or first eight-legged stage closely resembles the adult 
except for its small size, and such characters as are shown in the illustra- 
tions. It is red, with pale legs. When compressed on a slide the 
constriction between anterior and posterior parts of the body is much 
less evident than in the figure. The length is about 0.5 mm. on 
emergence, increasing to 0.55 mm. or more after feeding. These 
measurements do not include the length of the posterior body hairs. 
The following characters will be helpful in identifying this species in 
the nymphal stage. 

Pedipalps with few setae; claw-bearing segment with two curved, 
blunt spines on inner side; claw longer than the distance from its base to 
base of finger; base of claw produced ventrally to a sharp point; finger 
terminating in three or four simple, short, robust, curved setae. Crista 
rather thick posteriorly; pseudostigmatic area broader than long with a 
transverse ridge arcuate posteriorly; mesad of each pseudostigma is a 
longitudinal ridge which at its posterior end curves mesad and forms 
a projection on the posterior margin of the pseudostigmatic area. 
Pseudostigmatic organs longer than crista, with three to five short 
branches in distal halves. On each side of pseudostigmatic area is a 
smooth convex eye. Body hairs slightly longer posteriorly than on 
shoulders, arising from large disc-like papillae, somewhat elevated 
medially; these papillae are almost contiguous. 

The duration of the nymphal stage was observed to vary from 
sixteen to forty-five days, probably depending largely on the av ailability 
of food. Only starved individuals lived as nymphs for as long as forty- 
five days. Others transformed in shorter aaa. 

There is apparently but one nymphal stage. Aside from the evi- 
dence provided by rather closely observed rearings of numerous indi- 
viduals, this is shown oy ee curves based on measurements 


EXPLANATION OF PLATE \ 
Fig. 33, Dorsal view of large adult of Eutrombicula batatas. Fig. 34, Lateral 
view of same. ° 
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of portions of the appendages. Such curves are not bimodal for nymphs, 
nor are they for adults if the sexes are segregated. This is in contrast 
to certain other genera in the family (e. g., Manriquia) in which there 
are additional nymphal stages having most of the characters (e. g., six 
genital suckers) of the adult. 

Preadult: When the nymph is ready to transform to the adult 
stage, it becomes quiescent and elongate in form, bloated in appearance. 
In nature this stage is ordinarily found hidden at the bases of tufts of 
grass, just beneath the soil surface, or inside broken pieces of hollow 
dead weed stems. Histolysis evidently takes place in the nymphal 
appendages, which become dry and brittle, and are easily broken off. 
Within the integument of the nymph is found the thin, tuberculate 
integument of the preadult, a stage which differs very little, except 
ior larger size (0.55 to 0.66 mm. in length), from the protonymph and 
which never emerges from the nymphal integument. Through the 
stretched nymphal integument the form of the preadult can readily be 
seen (figure 32) and the dorsal spine of the preadult can often be seen 
to have ruptured the nymphal integument. The adult develops 
within the preadult integument, its appendages within those of the 
preadult. The preadult quiescent period lasts for five to seven days. 

Adult: The adult emerges from the preadult and nymphal integu- 
ments through large rents in the dorsal surfaces. 

The sexes are easily separated by the characters of the genitalia 
illustrated by Ewing (1944). The females average larger than the 
males. Females range from 0.77 to 0.99 mm. in length, the average of 
fifteen being 0.91 mm.; males range from 0.66 to 0.83 mm., the average 
of fifteen being 0.74 mm. A comparable difference in size, correlated 
with sex, was noted in the preadult stage. The body integument of 
adults, like that of nymphs, is soft and thin and can be stretched to 
some extent. The smaller adults are those which have recently become 
adult while larger ones have had some time for feeding. Adults are 
bright red with paler appendages. 

Pedipalps with more setae than in nymph; inner surface of claw- 
bearing segment with three blunt spines arising near the base of the 
claw and an additional more pointed spine arising near the middle of 
the segment; base of claw with a blunt ventral projection; finger 
terminating in three or four short, robust, curved setae. Crista slender; 
pseudostigmatic area broader than long with a transverse curved ridge 
in front of the pseudostigmata, this ridge bending backward at its 
ends and extending posteriorly mesad of each pseudostigma to the 
posterior edge of the area; pseudostigmatic organs as long as crista, 
with two to eight short branches in the distal half. On each side of 
pseudostigmatic area is a smooth convex eye. Body hairs longer on 
posterior part of body than elsewhere, each arising from a disc-like 
papilla; apices of body hairs not thickened. 

Adults have been kept alive in the laboratory for periods up to 
forty-five days. This is considerably less than for certain other species. 

The food of nymphs and adults is not certainly known. They were 
not seen feeding, although considerable time was spent in watching for 
such action. Nymphs failed to grow and transform into adults, or 
did so only slowly and in very small numbers, in jars containing sterilized 
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soil alone, soil with grass or seedling corn growing in it, and soil to 
which was occasionally added small arthropods (other species of mites, 
Collembola, etc.), dead insects, small quantities of caterpillar feces, or 
pieces of potatoes. Nymphs grew well, however, in a mixture of five 
parts of sterilized soil and one part of chicken manure. Since much 
mould grows in such a mixture it was thought that the chiggers might 
be feeding on the fungus. However heat sterilization of the mixture 
greatly reduced the fungus growth, although it did not eliminate it 
entirely because of the spores carried on the bodies of the nymphal 
chiggers. The nymphs grew as well in such jars with reduced fungal 
content as in jars with much fungus. 

From this evidence one may conclude that living animals, portions 
of living green plants (e. g., rootlets), as well as insect excreta and 
freshly dead animals and plants are not necessary for the growth of 
nymphs and adults of E. batatas. In all probability fungi are also 
unnecessary. Since the chiggers have sucking mouthparts, it seems 
probable that nymphs and adults of this species feed on soil moisture 
rich in organic matter, sucking such moisture from the interstices of 
damp soil. 

The stages in the life history of Eutrombicula batatas are summarized 
in Table I. It is probable that the ‘‘intervening stages” should not 


TABLE I 


Intervening 
Stages Stages Characteristic Features Duration 


Egg Spherical, laid singly on damp soil. | 4-5 days 
deutovum | Quiescent, occurring within broken | 6-7 days 

egg shell. With dorsal spine, 

unsegmented appendages, no setae. 


Larva Active, with six legs, and with setae | Up to 14 days 
| on body and appendages. before feeding. 
| 2-10 days on host. 
1-4 days after 
leaving host. 


protonymph| Quiescent, occurring within dead | 5-7 days 
larval integument. With dorsal | 

spine, unsegmented appendages, | 
no setae. 


Nymph Active, with eight legs, numerous | 16-45 days 
plumose setae, 2 pairs of genital | 
suckers. 


preadult | Quiescent, occurring within dead | 5-7 days 
nymphal integument. With dorsal | 

spine, unsegmented appendages, 

no setae. 





Adult | Active, with eight legs, very numer- | Up to 45 days 
ous plumose setae, 3 pairs of 
genital suckers. 
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be considered as distinct stadia. The integument of the quiescent, 
pupalike stages evidently consists of a layer of hypodermal cells and a 
secreted cuticle which does not dissolve in caustic. It thus resembles 
the true integument of the active stages. However, in certain other 
mites of this family (e. g., Manriquia bequaerti Boshell and Kerr) there 
are at least four nymphal stages, each preceded by a protonymph. 
It thus seems that the formation of an extra integument is associated 
with each ecdysis and probably does not indicate the existence of 
another stadium. 

The integuments of the intervening stages are delicate and not 
found as exuviae. According to Nagayo, Miyagawa, Mitamura and 
Imamura (1917) the integument of the protonymph undergoes ‘‘ granular 
degeneration” shortly before emergence of the nymph. 

It is probable that the life histories of other species are essentially 
similar. Apparently the preadult stage has not been previously 
described, but there can be little doubt that it exists in the species 
studied by Mayajima and Okumura (1917) for they describe the elonga- 
tion of the nymph prior to transformation, just as it occurs in batatas, 
and the formation of the adult appendages within the nymphal body. 


REARING METHODS 

Since many unsuccessful attempts were made to rear this chigger 
before successful methods were devised, it seems worth while to record 
the methods finally used. 

Fully engorged larvae were obtained in large numbers and in good 
condition by placi ing an infested chicken or other animal in a cage 
having a coarse wire mesh bottom. The cage was provided with short 
legs which supported it above the surface of the water in a large shallow 
tray. As the larvae fell from the chicken they landed in the water, 
floating helplessly on the surface. 

Twice a day the chiggers were collected from the water surface onto 
small squares of paper, the mites sticking to the paper because of the 
surface tension of the water. Newspaper was found to have the proper 
absorptive qualities. As the squares of paper dry the mites are released 
and walk about. 

The squares of paper with the mites on them were then placed in 
small fruit jars lined with a thin layer of plaster of Paris. The latter 
serves to absorb any moisture that condenses on its surface. This 
was important as many of the mites otherwise became stuck in con- 
densed moisture on the glass, and died there. 

After transformation to nymphs they were shaken out of the jars 
lined with plaster of Paris into rearing jars. The best type of rearing 
jar so far used is a medium sized fruit jar with the bottom removed 
and replaced by a plug of plaster of Paris. In the jar are then placed 
soil, sterilized or not according to the need, plants of grass, chicken 
manure, etc., to simulate the natural environment. Thus far chicken 
manure mixed with sterilized soil as described by Melvin has given 
the most rapid nymphal growth. The top of the jar is left open, and 
water is added daily or oftener. Excess water runs out through the 
plaster of Paris in the bottom of the jar. The mites are able to take up 
positions of favorable humidity for there is a gradient from relatively 
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dry above to very moist below. Evaporation from the soil surface and 
from the plaster keeps the temperature relatively low. Transformation 
to adults takes place readily in these jars, and egg laying takes place, 
particularly if the jars are kept at a temperature higher than usual for a 
few days. At times when larvae are expected to hatch a lid may be 
put on the jar. 

Larvae were placed on the host animal by removing them from the 
jar by picking them up on wet pieces of paper. The paper was then 
placed in a very shallow, wide shell vial the open end of which was 
appressed closely to the skin of the animal and held in position with 
adhesive tape. As the paper dried slightly the mites were released from 
the water and attached themselves to the host. 

A small plaster of Paris cell with a cover made of a microscope slide 
and held in place with a rubber band was found convenient for making 
special observations, as for example on eggs. Such cells have the 
advantage that water can be added from the outside through the plaster 
without disturbing the contents of the cells. Nymphs and adults, 
however, do not survive for more than a week or two in constant contact 
with plaster of Paris. 
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SCIENCE AND THE PLANNED STATE, by Joun R. BAKER. 120 pages. 
The Macmillan Company, 1945. Price $1.75. 

This thoughtful little volume is from the pen of an English scientist, author 
of The Scientific Life, to which it is a sequel. It is evidently a result of dissatis- 
faction with wartime deference toward Soviet science, which appears to have 
been far more marked in Great Britain than in the United States. 

The writer shows very vividly how scientific interest—even avocational 
scientific pursuits—have contributed not only to the development of scientific 
knowledge itself but also to the welfare of humanity in general. In this point 
his argument is tricky, for he disavows the need for practical applicability of 
scientific findings and yet repeatedly emphasizes the important uses to which 
purely scientific studies have sometimes been turned. On careful analysis his 
attitude is not in the least contradictory. He argues only that in a planned 
society the practical end would be sought, and only research toward practical 
ends would be encouraged, whereas many values have been found in the past in 
research for which no useful end could be foreseen. No doubt all scientists will 
agree with him that the right to pursue a spontaneous scientific interest, whether 
it shows evidence of practical value or not, is something to be guarded and 
cherished. 

The book's comments on science in Soviet Russia and on the remarks of 
various writers on the relations of science to society and to politics are disturbing. 
It would be well for every scientist to read them as a suggestion of the impact of 
modern ideologies on the traditional freedom of his field. Evidently in Europe a 
considerable body of opinion would make scientific efforts primarily subservient 
to social benefits and to political expediency. Dr. Baker states the case beauti- 
fully in these words: ‘‘Many people today think of progress as meaning one thing 
only, the improvement of the material condition of the poorer members of the 
community. This is a limited outlook, for true progress means something more 
than material advancement. It. means movement towards greater things in 
science, philosophy, art, music, literature, and all other branches of intellectual 
activity. That kind of progress is perfectly compatible with the securing of a 
square deal and a happy life for the common man, and conflict can only arise when 
the needs of the common man are made paramount.’’ Whether the apparently 
inexorable march of social and political reform can be turned away from scientific 
fields remains to be seen, but certainly we in America should appreciate our advan- 
tages more keenly after reading Dr. Baker's documented statements, and should 
be better prepared to cope with future trends.—A. W. L. 























STUDIES ON THE CRANE-FLIES OF MEXICO 
Part VIIE! 
(Order Diptera, Superfamily Tipuloidea) 


CHARLES P. ALEXANDER 


Amherst, Massachusetts 


In the present report I am describing various interesting crane-flies 
from Mexico, almost all received from my long-time friend and col- 
league, Dr. Alfons M. Dampf. These rich materials were chiefly cap- 
tured by Dr. Dampf, with the assistance of certain of his co-workers 
and inspectors, as discussed under the individual species. I am very 
deeply obliged to Dr. Dampf for the privilege of retaining the type 
specimens of these novelties in my personal collection. 


Tipula Linnaeus 


Tipula (Trichotipula) religiosa sp. n. 

General coloration of thorax opaque reddish brown, the praescutal 
stripes poorly differentiated against the ground; antennae with basal 
three segments yellow, the outer flagellar segments uniformly dark 
brown, with poorly defined basal enlargements; knobs of halteres dark 
brown; femora and tibiae yellow, their tips narrowly darkened; wings 
brownish yellow, the prearcular and costal fields, with vein Cu, light 
yellow; stigma pale brown; macrotrichia of outer cells of wing sparse; 
Sc ending about opposite midlength of Rs, Sc, weakly preserved; m 
and petiole of cell M, subequal; abdomen yellow, the tergites with a 
brown median stripe; subterminal segments darkened; male hypo- 
pygium with the beak of the inner dististyle elongate, its apex obliquely 
truncate; lower beak well developed, separated from the beak by a 
broad U-shaped emargination 

Male.—Length about 14 mm.; wing, 13 mm.; antenna about 2.8 mm. 

Female.—Length about 16 mm.; wing 14 mm. 

Frontal prolongation of head brown to brownish yellow; nasus 
elongate; palpi brown. Antennae with basal three segments yellow; 
succeeding two or three segments brown, the outer ones dark brown; 
flagellar segments with basal enlargements poorly developed; verticils 
a little shorter than the segments. Head with center of vertex brown- 
ish gray, the front and orbits grayish white; vertical tubercle low, entire. 

Pronotum brown, sparsely pruinose. Mesonotum opaque reddish 
brown, the praescututal stripes very poorly differentiated against the 
ground; intermediate stripes separated by a narrow to capillary darker 
brown median vitta, longer and heavier in female. Pleura and pleuro- 
tergite more testaceous yellow, sparsely pruinose; dorsopleural mem- 


'The preceding part under this general title appeared in these ANNALS (Vol. 
XXXIII, 140-161, 1940). Contribution from the Entomological Laboratory, 
Massachusetts State College. 
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brane buffy yellow. MHalteres with stem brown, narrowly more yel- 
lowed at base, knob dark brown. Legs with the coxae testaceous, 
sparsely pruinose; trochanters yellow; femora and tibiae yellow, the 
tips narrowly and weakly darkened; tarsi passing into black; claws 
(male) toothed. Wings with a strong brownish yellow suffusion, the 
prearcular and costal fields clear light yellow; stigma pale brown, a 
little darker than the ground; obliterative areas before stigma and 
across cell 1st Mz; veins brown, the veins in the prearcular and costal 
fields, as well as Cu, yellow. Sparse macrotrichia in stigma and in 
cells Rs to Mg, inclusive, somewhat more abundant in male. Venation: 
Sc. ending about opposite midlength of Rs, Sc; weakly preserved; Rs 
relatively long, oblique; Ri,2 entire; inner end of cell 1st M2 pointed, 
lying basad of cell R;; M;,; short, subequal to r-m; m and petiole of 
cell M, subequal; m-cu on M, shortly beyond the perpendicular origin. 

Abdominal tergites yellow, the second and succeeding segments with 
a brown median stripe, slightly more interrupted on the narrow glabrous 
basal rings; sternites yellow; subterminal segments more infuscated to 
form a more or less distinct subterminal ring; hypopygium yellow. 
Male hypopygium with the caudal margin of tergite with a deep 
V-shaped notch, the broad lateral lobes obtusely rounded; notch and 
mesal edge of lobes margined with retrorse blackened spinous setae. 
Outer dististyle dusky, moderately broad, the tip obtuse. Inner 
dististyle with the beak elongate, its apex obliquely truncate, the lower 
angle more acute and blackened; lower beak widely separated from 
the beak by a broad U-shaped emargination, blackened and continued 
across the face of style as a narrow flange; face of style near this pro- 
duced portion with a small darkened lobe; dorsal crest of style with 
numerous relatively short black spinous setae and abundant erect long 
yellow bristles. 

Hasitat: Mexico D. F., 1921 (received through an exchange with 
Dr. William G. Dietz). Holotype & and Allotype 9°. 

The only near regional ally is Tipula (Trichotipula) aplecta Alex- 
ander, which is entirely different in the coloration of the body and 
wings, and, especially, in the structure of the male hypopygium, par- 
ticularly the very reduced inner dististyle. 


Limonia Meigen 
Limonia (Limonia) tragica sp. n. 

General coloration black, including most of the thoracic notum and 
pleura; anterior vertex reduced to a narrow strip; halteres black, the 
base of stem restrictedly pale; wings with a brownish tinge, conspicuously 
patterned with dark brown; Sc; ending about opposite three-fourths the 
length of Rs which is square at origin; cell /s¢t Mz longer than vein M,4. 
beyond it; m-cu close to fork of M, longer than the distal section of 
Cu; abdomen black. 

Female.—Length about 8 mm.; wing, 8.5 mm. 

Rostrum and palpi black. Antennae with scape and pedicel black; 
flagellum broken. Head black, sparsely pruinose; anterior vertex 
reduced to a linear strip, at narrowest point only about as wide as two 
rows of ommatidia. 
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Pronotum broken. Mesonotal praescutum chiefly blackened, the 
central portion more reddish or piceous but not forming an evident 
stripe; lateral pretergites and margin of praescutum conspicuously 
light yellow; scutal lobes blackened, the centers slightly more grayish; 
median region of scutum narrowly more yellow pollinose; scutellum 
dark, brownish yellow pollinose; mediotergite with the central portion 
gray pruinose, the cephalic lateral angles restrictedly obscure yellow; 
pleurotergite black, sparsely pruinose. Pleura almost entirely black, 
with a slightly paler ventral stripe that extends from behind the fore 
coxae to the pteropleurite. Halteres black, the base of stem restrictedly 
pale. Legs with the fore and middle coxae darkened basally, the tips 
reddened, the posterior coxae more uniformly reddened; trochanters 
reddish yellow; remainder of legs broken. Wings relatively broad, 
with a brownish tinge, especially in the basal and costal portions; a 
conspicuous dark brown pattern, as follows: Origin of Rs; fork of Sc; 
the short-oval stigma; seams over cord and outer end of cell /s¢ Mz; outer 
radial field, especially the outer ends of cells Re and R3; cells R; to M3 
less evidently darkened before their outer ends, the tips pale; more or 
less distinct seams to some of the veins, including Cu; veins brown, 
Sc and R paler. No stigmal trichia. Venation: Sc, ending about 
opposite three-fourths Rs, Sco at tip; Rs square at origin; Re and R42 
in transverse alignment; inner end of cell /s¢ Mz arcuated; cell /st M2 
longer than vein M,42 beyond it; m-cu close to fork of M, about one-third 
longer than the distal section of Cm; cell 2nd A relatively wide. 

Abdomen black, the caudal borders of the intermediate sternites 
narrowly obscure yellow; eighth sternite obscure yellow, more or less 
darkened medially at base. Genital shield of ovipositor dark brown; 
cerci slender, upcurved to the acute tips; hypovalvae strong, blackened 
basally. 

Hapitat: Mexico (Chiapas). Holotype, 9, Finca Prusia, altitude 
1,250 meters, December 4, 1932 (A. M. Dampf); M. F. 2839. 

This very distinct species is readily told from the most similar 
regional forms, such as Limonia ( Limonia) caribaea Alexander, L. (L.) 
horrenda Alexander, and L. (L.) hyperphallus Alexander, by the colora- 
tion of the body and the pattern and venation of the wings. All of these 
flies have conspicuously patterned wings but with no dark areas basad of 
the level of the origin of the cord. 


Dicranota Zetterstedt 


Dicranota (Rhaphidolabis) mexicana sp. n. 

General coloration gray, the praescutum with three conspicuous 
dark brown stripes; antennae 13-segmented, black throughout; halteres 
with knobs dark brown; legs dark brown; wings subhyaline, with a 
conspicuous dark brown stigma; veins beyond cord of unusual length, 
the distal section of R; subequal to or longer than Sc,; abdominal 
tergites dark reddish brown, the sternites more pruinose; male hypo- 
pygium with the lateral tergal arms appearing as relatively slender 
glabrous blades; apical lobe of basistyle and the outer dististyle with 
conspicuous blackened spines; gonaphyses unusually broad and 
expanded. 
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Male.—Length about 6 mm.; wing, 7 mm. 

Female.—Length about 6.5 mm.; wing, 7.5 mm. 

Rostrum gray; palpi black. Antennae 13-segmented, black through- 
out; flagellar segments oval, the first about one-third longer than the 
second. Head brownish gray, clearer gray behind. 

Pronotum gray, broadly but weakly infuscated medially. Mesonotal 
praescutum gray, with three conspicuous dark brown stripes, the median 
one broad and conspicuous, the laterals narrow and poorly indicated; 
posterior sclerites of notum gray, the centers of the scutal lobes only 
slightly darkened; thorax unusually high and gibbous, especially the 
praescutum. Pleura light gray, variegated with darker gray. Halteres 
with stem yellow, knob dark brown. Legs with the coxae reddish, 
gray pruinose; trochanters brownish yellow; remainder of legs dark 
brown. Wings subhyaline, the extreme base more yellowed; stigma 
oval, dark brown, conspicuous; veins dark brown, those at wing base 
more brightened. Venation: Rs gently arcuated; Rei3:4 preserved, 
exceeding r-m; veins beyond cord of unusual length, the distal section 
of R; subequal to or longer than Sc,; cell M, present. 

Abdominal tergites dark reddish brown, unpatterned; sternites and 
outer tergites more pruinose; cerci elongate, yellowish horn color, 
restrictedly darkened basally. Male hypopygium with the median 
tergal lobe entire, moderately broad, its apex obtuse, provided with 
about a score of strong spinous setae; lateral tergal arms appearing as 
long, relatively slender, glabrous blades, very gradually narrowed to the 
stout subacute tips. Interbases appearing as shorter and broader 
flattened glabrous blades, the apex truncated, the lateral angle pro- 
duced into a short strong spinous point. Basistyle with a group of 
long conspicuous setae on mesal face; apical lobe of basistyle relatively 
short and stout, provided with about a score of blackened spines. Outer 
dististyle expanded outwardly, the obliquely truncated apex provided 
with more than 30 blackened spines. Inner dististyle longer than the 
outer, the basal half broad, the distal portion much narrower, its apex 
obtuse; surface of style with numerous setae of various lengths. Phal- 
losome with the gonapophyses unusually broad and expanded, the 
margins rounded, the surface with abundant delicate setulae. 

Habitat: Mexico (Mexico State and Federal District). Holotype, 
o’, Dos Rios, Mexico State, altitude 2,500 meters, April 20, 1937 (A. M. 
Dampf); M. B. 222. Allotype, 2, Desierta de los leones, Federal Dis- 
trict, March 29, 1925 (A. M. Dampf); M. F. 520. 

The closest described relative of the present fly appears to be 
Dicranota (Rhaphidolabis) neomexicana (Alexander), of the southern 
and central Rocky Mountains. The present fly has the wings longer 
and narrower, especially the veins and cells beyond the cord, and with 
the praescutum conspicuously trivittate with dark brown. The 
structure of the male hypopygium is entirely different in the two species. 
This is the first record of occurrence of the subgenus in America south 
of the Mexican border. 


Dicranota (Rhaphidolabis) rostrifera sp. n. 
General coloration dark gray; wings subhyaline, the stigma medium 
brown; Rei3,4 distinct, at least one-half longer than the basal section 
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of R;; male hypopygium with the lateral tergal arms appearing as 
glabrous blades that narrow to a terminal spine; interbase appearing as 
a flattened blade that is expanded outwardly and here produced laterad 
into a beaklike spine, the apex of the blade with microscopic setulae; 
gonapophyses narrow, with from six to eight pale oval punctures 
before apex. 

Male.—Length about 5.8-6 mm.; wing, 6.5-7 mm. 

Female.—Length about 6.8 -7 mm.; wing, 7.5-7.8 mm. 

Rostrum and palpi black. Antennae 12-segmented, black through- 
out; flagellar segments oval, the terminal one about one-half longer 
than the penultimate. Head above dark gray. 

Thorax light gray, the praescutum with three brown stripes, the 
median one broad; centers of scutal lobes darkened. Halteres with 
stem obscure yellow, knob darkened. Legs with the coxae gray; tro- 
chanters brown; remainder of legs dark brown, the tarsi a little paler. 
Wings subhyaline, the stigma medium brown, relatively distinct; veins 
brown. Venation: Rs arcuated; Roi3;,4 distinct, variable in length but 
at least one-half longer than basal section of R;, in cases up to three 
times as long; Ri42 and Re subequal in length or the latter longer; cell 
M, usually present, lacking in the paratype; m-cu from one-third to 
one-fourth its length beyond the fork of M. 

Abdomen dark brown, the sternites somewhat brightened; hypo- 
pygium dark brown. Male hypopygium with the median region of 
tergite low and obtuse, much lower than in mexicana; lateral tergal 
arms appearing as conspicuous glabrous blades, broad at base, narrowed 
and strongly curved to a long terminal spine; posterior border of tergite 
near bases of lateral arms with a group of about a dozen long setae. 
Interbases of distinctive shape, appearing as flattened blades, expanded 
at distal end into a subcircular blade, one end of which is produced 
laterad into a long straight spine, whence the specific name; stem with 
about four long erect setae from conspicuous punctures; outer portion 
of expanded blade with microscopic setulae that are directed toward 
the beak, producing a roughened appearance, in cases these setulae 
more abundant and conspicuous than in others. Apex of basistyle 
broadly obtuse, armed with four or five pale spinous points. Outer 
dististyle relatively narrow, parallel-sided, the apex obtuse, provided 
with more than a score of spines. Inner dististyle large and conspic- 
uous, expanded outwardly, provided with setae that are longest toward 
the apex of the beak. Phallosome with the subtending apophyses very 
narrow, the obtuse tips with microscopic setulae, the outer portion of 
each blade with about six to eight oval pale punctures. 

Hasitat: Mexico (Mexico State and Federal District). Holotype, 
3’, among aquatic plants from Rio Borja, D. F., February 9, 1932 
(A. M. Dampf); No. 62-32. Allotopotype, 9. Paratopotypes,6 &% 92; 
paratype, o', Dos Rios, Mexico State, altitude 2,500 meters, April 20, 
1937 (A. M. Dampf); M. B. 222. The paratype was associated with 
Antocha (Antocha) monticola Alexander and Dicranota (Rhaphidolabis) 
mexicana sp. nN. 

Dicranota (Rhaphidolabis) rostrifera is quite distinct from all other 
regional members of the genus, differing especially in the structure of 
the male hypopygium. The most similar of these species are D. (R.) 
mexicana sp. n. and D. (R.) neomexicana (Alexander). 
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Oxydiscus de Meijere 
Oxydiscus (Oxydiscus) oaxacensis sp. n. 

General coloration brownish black, only slightly variegated with 
brighter; halteres dusky, the knob and base of stem obscure yellow; 
wings relatively broad, grayish yellow, with a restricted but conspic- 
uous dark brown pattern; cell M, present; m-cu about one-half to two- 
thirds its own length beyond the fork of M; male hypopygium with the 
marginal spine of the outer dististyle unusually long and slender. 

Male.—Length about 4 mm.; wing, 5 mm. 

Female.—Length about 4 mm.; wing, 4 mm. 

Rostrum and palpi brownish black. Antennae with basal segments 
brownish yellow, the flagellar segments subcylindrical, darker brown. 
Head dark brown. 

Prothorax and mesothorax almost uniformly brownish black, the 
praescutum a little more variegated with paler, especially at and before 
the suture. Halteres dusky yellow, the base of stem and apex of knob 
more brightened. Legs with the coxae brownish black; trochanters 
obscure yellow; remainder of legs broken. Wings relatively broad, 
widest opposite origin of Rs; grayish yellow, the prearcular and costal 
fields somewhat clearer yellow; a restricted but conspicuous dark brown 
pattern, including marks at origin of Rs, R2, cord and outer end of cell 
Ist M2, and fork of M,42; stigma paler brown, confluent with the dark- 
ened seam over R2; veins brown. Macrotrichia of cells relatively sparse, 
in outer ends of cells R3 to 2nd Mo, inclusive; stigmal trichia present. 
Venation: Sc; ending just beyond fork of Rs, Sc. a short distance from 
its tip, Sc; alone about equal to m-cu; Rs strongly arcuated at origin; 
R» close to fork of Rei3,4; inner ends of cells R;, R; and 1st Mz in trans- 
verse alignment; cell M, about two-thirds its petiole; cell /s¢ Mz strongly 
widened outwardly; m-cu about one-half to two-thirds its length beyond 
the fork of M. 

Abdominal tergites brownish black; central portion of sternites 
somewhat paler brown; hypopygium paler yellow. Male hypopygium 
with the outer dististyle at apex bearing two conspicuous teeth, with 
a few microscopic denticles in the axil of the lower or larger spine; a 
further long straight spine on lower margin at near two-thirds the 
length. Aedeagus with ventral spines divergent, pale, especially on 
outer half, slightly bulbous just before the short acute tips. 

Hapitat: Mexico (Oaxaca). Holotype, &, Yotao, Sierra de Juarez, 
September 15, 1935 (Fr. Reyes); Dampf M. F. 6241. Allotype, 9, 
Yaxé, Sierra de Juarez, altitude 1,450 meters, August 10, 1935 (A. 
Tort); Dampf M. F. 6139. Paratopotype, 1 o&, pinned with type. 

This fly is readily told from all other described New World species 
of the genus by the patterned wings. 


Shannonomyia Alexander 


Shannonomyia protuberans sp. n. 
General coloration clear light gray, the praescutum unpatterned; 
antennae brownish black throughout, flagellar segments suboval, with 
the lower face slightly more bulging or protuberant than the upper; 
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wings brownish yellow, stigma oval, very pale brown; cell /st Mz small, 
about two-thirds as long as vein M,; male hypopygium with the outer 
dististyle slender, the apex blackened, unequally bifid; gonapophyses 
appearing as relatively long, strongly curved hooks. 

Male.—Length about 6.5 mm.; wing, 7 mm.; antenna about 2 mm. 

Rostrum light gray pruinose; palpi black. Antennae moderately 
ong, brownish black; flagellar segments suboval, with the lower face 
slightly more bulging or protuberant than the upper one; verticils 
shorter than the segments; terminal segment a little more than one-half 
the penultimate and much smaller. Head gray; posterior vertex with 
a vague capillary darkened line; anterior vertex broad, exceeding four 
times the diameter of the scape. 

Thorax almost uniformly clear light gray, the praescutum without 
pattern. Halteres with stem pale, knob weakly infuscated. Legs with 
the coxae and trochanters obscure yellow, the former sparsely pruinose; 
remainder of legs broken. Wings with a brownish yellow suffusion, the 
base somewhat clearer yellow; stigma oval, very pale brown, scarcely 
evident against the ground; veins brown, more yellowed in the bright- 
ened portions. Venation: Sco at extreme tip of Sq, the latter ending a 
short distance before fork of Rs, this being about one-half longer than 
Rois+4; Re at fork of Re4344, the tip of Ri42 atrophied; cell /s¢ Mz unusu- 
ally small, about two-thirds vein M,; m-cu about one-half totwo-thirds 
its length beyond the fork of M. 

Abdomen dark gray throughout. Male hypopygium with the outer 
dististyle slender, the outer third blackened with the apex unequally 
bifid. Inner dististyle only about three-fifths as long, gradually nar- 
rowed outwardly, the outer surface with abundant retrorse setae. Each 
gonapophysis appearing as a relatively long, strongly curved hook. 
Aedeagus relatively small. 

Hasitat: Mexico (Morelos). Holotype, &, Lagunas de Zempole, 
altitude 2,800 meters, September 2, 1937, in open pine forest, swept 
from grasses and Alnus foliage between boulders on rocky hills (A. M. 
Dampf); M. F. 6189. 

Shannonomyia protuberans is undoubtedly closely related to S. 
ovaliformis Alexander, from which it differs in the details of structure 
of the antennae and male hypopygium, particularly the gonapophyses. 


Shannonomyia lenitatis sp. n. 

General coloration dark gray, the praescutum virtually unpatterned; 
antennae (male) moderately long, about one-fourth the length of body, 
the flagellar segments with protuberant lower faces; halteres with 
infuscated knobs; legs brownish yellow, the tips of femora, tibiae and 
basitarsi narrowly darkened; wings with costal border weakly infus- 
cated; stigma brown, conspicuous; cell Mz open by the atrophy of the 
basal section of M3; male hypopygium with the gonapophyses appearing 
as long, strongly curved spines. 

Male.—Length about 6.2-6.3 mm.; wing, 6.8-7 mm.; antenna about 
1.6-1.7 mm. 

Female.—Length about 6.5 mm.; wing, 6.8 mm. 

Rostrum gray; palpi black. Antennae brownish black inroughout, 
relatively elongate; flagellar segments (male) suboval, with the ventral 
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face more bulging, the outer segments longer and more slender; seg- 
ments with a dense erect pubescence; longest verticils unilaterally 
distributed, subequal in length to the segments. Head dark gray. 

Thorax almost uniformly dark gray, the praescutum virtually unpat- 
terned, pronotal scutellum a little paler brown. Halteres with stem 
obscure yellow, knob infuscated. Legs with coxae infuscated, pruinose; 
trochanters obscure yellow; femora brownish yellow, clearer yellow 
basally, the tips more infuscated; tibiae and basitarsi obscure yellow, 
the tips darkened; remainder of tarsi black. Wings with the costal 
border, anterior cord and vein Cu weakly darkened; outer cells of wing 
even less evidently infuscated; stigma darker brown, oval, conspicuous; 
remainder of wing whitish subhyaline; veins brown. No macrotrichia 
in cells of wing. Venation: Sc, ending about opposite four-fifths Rs, 
Sco near its tip; Rs rather strongly arcuated at origin; Re,3,4 unusually 
short, only about one-third to two-thirds longer than the basal section 
of R;; cell Mz open by the basal section of M; being atrophied; m-cu 
about one-third to one-half its length beyond the fork of M. 

Abdomen, including hypopygium, brownish black. Male hypo- 
pygium with the outer dististyle narrowed and heavily blackened on 
outer third, the tip conspicuously bidentate; outer surface at base with 
a low cushion that is provided with abundant long setae. Inner dis- 
tistyle shorter, darkened, gently curved, the outer margin with a row 
of erect to slightly retrorse setae. Gonapophyses appearing as long, 
slender, very strongly curved spines, gradually narrowed to the acute 
tips. Aedeagus relatively small and slender, the base with the enclosed 
penis sinuous. 

Hasitat: Mexico (Chiapas). Holotype, o&, Sierra Madre, altitude 
2,000 meters, December 6, 1932 (A. M. Dampf); M. F. 2875. Allotopo- 
type, a fragmentary 9, pinned with type. Paratype, 1 o&, Finca 
Prusia, altitude 1,440—-1,780 meters, December 6, 1932 (A. M. Dampf); 
M. F. 2872. 

Among the various species of the genus that have cell M, of the 
wings open, Shannonomyia myersiana Alexander, S. orophila Alexander, 
and S. triangularis Alexander have this open by the atrophy of m rather 
than the basal section of M3, as in the present fly. The only other 
described species having the cell open in the latter manner is S. cer- 
bereana Alexander, which is readily told by the strongly darkened wings 
and the presence of numerous macrotrichia in the outer cells. 


Atarba Osten Sacken 


Atarba (Atarba) religiosa sp. n 


Allied to -mexicana; general coloration of mesonotum brown, more or 
less pruinose, scutellum more brightened; antennae (male) elongate, 
more than one-half the length of wing, scape and pedicel yellow, flagellum 
black; femora infuscated, their bases restrictedly more yellowed; tibiae 
brownish yellow, the tips narrowly infuscated; wings with a very pale 
yellowish suffusion, the stigma scarcely indicated; Sc long, Sc ending 
about opposite midlength of the long Rs; cell 1st Mz rectangular, approx- 
imately one-half the distal section of vein M3; m-cu nearly opposite 
midlength of cell 1st Mz; abdomen brown, with a still darker brown sub- 
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terminal ring, hypopygium yellow; male hypopygium with the lateral 
angles of the appendage of the ninth sternite acute; spines of outer 
dististyle grouped at and near apex; inner dististyle truncated at tip, 
the upper apical angle more produced; gonapophysis with abundant 
appressed spines; aedeagus long and sinuous. 

Male.—Length about 6.5 mm.; wing, 6.8 mm.; antenna about 4 mm. 

Rostrum yellow; palpi dark brown. Antennae (male) elongate; 
scape and pedicel light yellow, flagellum black; flagellar segments long- 
cylindrical, with scattered elongate verticils on the upper face, the 
longest less than one-half the segments; an additional erect pale 
pubescence that is about one-third as long. Head brownish gray. 

Pronotum and mesonotum chiefly brown, more or less pruinose, the 
scutellum more brightened, obscure yellow; lateral borders of praescu- 
tum and adjoining portion of the pronotum darker brown. Pleura 
chiefly reddish brown, more or less pruinose. Halteres with stem 
obscure yellow, knob infuscated. Legs with the coxae brownish yel- 
low, sparsely pruinose; trochanters yellow; femora infuscated, the bases 
restrictedly more yellowed; tibiae brownish yellow, the tips narrowly 
but conspicuously infuscated; proximal tarsal segments obscure yellow, 
the outer segments more infuscated. Wings with a very pale yellow 
suffusion, the stigma scarcely indicated; a narrow and vague darkened 
seam along cord, shown especially by a slight darkening of the pale 
brown veins; veins of the prearcular field more yellowed. Venation: Sc 
ending about opposite midlength of Rs, Sc. some distance from its tip, 
Sc, a little shorter than m-cu; Rs elongate, nearly three times m-cu; 
branches of Rs diverging very gradually from one another, cell R; at 
margin a trifle wider than at midlength; cell /s¢ M, rectangular, approx- 
imately one-half the distal section of vein M3; m-cu nearly opposite 
midlength of cell 1st Me. 

Abdomen brown, with a still darker brown subterminal ring; hypo- 
pygium, excepting the blackened outer dististyle, yellow. Male 
hypopygium with the appendage of the ninth sternite “conspicuously 
emarginate at apex, each outer lateral angle extended into an acute 
point. Outer dististyle straight, terminating in a strong spine, with 
about seven or eight smaller spines on the outer face near apex, the 
outermost largest; a few smaller spinules on ventral face at base of the 
terminal spine. Inner dististyle subequal in length, truncated at apex, 
the upper apical angle somewhat produced into a point, the lower angle 
less evidently so. Gonapophyses covered with abundant appressed 
spines, the outer ones larger and more conspicuous. Aedeagus long 
and sinuous, the extreme apex expanded, the lower margin with pale 
membrane that is more dilated at near midlength of the organ. 

Hapitat: Mexico (Federal District). Holotype, &, Desierto de los 
leones, August 24, 1930 (A. M. Dampf); M. F. 1744. 

Atarba (Atarba) religiosa is readily told from A. (A.) mexicana 
Alexander, the only allied regional species so far described, by the 
coloration of the body, legs and wings, the details of venation, and the 
structure of the male hypopygium. 
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Teucholabis Osten Sacken 
Teucholabis (Teucholabis) nigroclavaria sp. n. 


Allied to pabulatoria; size small (wing, male, less than 3.5 mm.); 
rostrum reddish, head above gray pruinose; mesonotal praescutum with 
the disk dark liver brown, the lateral borders light yellow; thoracic 
pleura with a conspicuous silvery stripe; halteres dark brown; femora 
yellow, the tips conspicuously blackened; wings whitish subhyaline, the 
stigma exceedingly reduced; Sc, ending just before origin of Rs; abdom- 
inal tergites bicolored, dark brown, the posterior borders yellow, 
hypopygium black; male hypopygium with the basistyle produced 
caudad into a stout lobe but with no spines; outer dististyle a short 
blackened club, the apex and outer margin with appressed spinules; 
aedeagus compressed-flattened on outer half. 

Male.—Length about 3.5 mm.; wing, 3.3 mm. 

Rostrum reddish; palpi dark brown. Antennae black throughout, 
the scape more pruinose; flagellar segments oval. Head dark, heavily 
gray pruinose, the occipital region restrictedly reddened; eyes large. 

Pronotum dark brown; pretergites yellow. Mesonotal praescutum 
with the disk dark liver brown, the humeral and lateral portions light 
yellow; scutal lobes similarly liver brown; scutellum and posterior 
borders of scutal lobes yellow, parascutella darkened; mediotergite 
with central portion dark brown, the lateral margins and the pleuro- 
tergite more reddish brown. Pleura chiefly dark brown, with a diffuse 
but conspicuous more silvery longitudinal stripe extending from behind 
the fore coxae to the base of abdomen, passing beneath the root of the 
halteres. Halteres dark brown. Legs with the coxae reddish brown; 
trochanters yellow; femora yellow, the tips rather narrowly but con- 
spicuously blackened, subequal on all legs and including the distal 
seventh or eighth; tibiae and basitarsi yellow, the tips narrowly dark- 
ened; remainder of tarsi black. Wings whitish subhyaline, the 
prearcular field a trifle more yellowed; stigma exceedingly reduced, 
appearing as a slight seam lying chiefly distad of vein R2; veins brown, 
the prearcular veins and outer portion of C more yellowed. Venation: 
Sc very short, Sc ending just before the origin of Rs, Sc. only a short 
distance from its tip; Rs longer than its anterior branch, the latter 
diverging strongly from R; so cell R; at margin is very extensive, about 
three times cell Re; vein Rz just beyond the fork of Rs; cell 1st M2 
narrow, subrectangular, only slightly widened outwardly, subequal in 
length to the distal section of vein M3; m-cu about one-fourth to one- 
fifth its length beyond the fork of M; cell 2nd A relatively nz — the 
posterior margin of wing inshirred opposite the end of vein 2nd . 

Abdominal tergites bicolored, chie fly dark brown, the ta 
borders yellow, a little more extensive at the outer angles; sternites 
and subterminal segments more uniformly yellow; hypopygium con- 
spicuously and abruptly blackened. Sternal pocket nearly circular in 

outline, at the posterior portion of sternite five, comprised of about 75 
small tubercles, each tipped with a long black seta. Male hypopygium 
of unusually simple structure. Basistyle at apex produced into a stout 
lobe that bears several long setae but no spines; mesal edge of style 
with a long low blackened flange. Outer dististyle a short, entirely 
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blackened club, the apex and outer margin almost back to the base 
with conspicuous appressed spinules. Inner dististyle with the apical 
portion unusually long and narrow, bladelike, the lower or more basal 
tooth very obtuse; lobe near base of style with about four strong setae. 
Aedeagus compressed-flattened, the outer half suboval in outline, 
produced into a strong subapical spine; surface of blade, and especially 
the margins, with elongate yellow setae, those of the disk shorter and 
more sparse. 

Hapitat: Mexico (Chiapas). Holotype, o&, Zapote, November 12, 
1930 (A. M. Dampf); M. F. 1821. 

The most similar described species are Teucholabis (Teucholabis) 
minuta Alexander and T. (T.) pabulatoria Alexander, of Mexico and 
Guatemala, which are likewise among the smallest known members 
of the genus. The present fly differs especially in the structure of the 
male hypopygium, particularly the short blackened outer dististyle 
and the inner dististyle. The lack of a spine or spinous blade on the 
basistyle is exceedingly uncommon in this great genus but is a character 
of all three species here mentioned. 


Gonomyia Meigen 
Gonomyia (Gonomyia) megarhopala sp. n. 

General coloration dark gray, the praescutum with three brown 
stripes; rostrum and antennae black; halteres elongate, stem yellow, 
knob infuscated; wings relatively narrow, strongly tinged with brown; 
m-cu close to the fork of M; male hypopygium with the outer dististyle 
a very conspicuous clavate dark-colored structure having a slender 
pale stem; spines of aedeagus weak, straight. 

Male.—Length about 6 mm.; wing, 7 mm. 

Female.—Length about 6.5 mm.; wing, 7 mm. 

Rostrum and palpi black. Antennae black throughout, relatively 
long; flagellar segments elongate-oval, longer than the verticils; a 
dense pale pubescence on flagellum. Head gray. 

Pronotum dark brownish gray, restrictedly obscure yellow on sides; 
pretergites pale yellow. Mesonotum gray, the praescutum with three 
brown stripes, the scutal lobes with brownish centers; posterior-lateral 
portions of scutal lobes yellow; scutellum brownish gray, the posterior 
border reddish yellow; postnotum gray. Pleura obscure yellow, con- 
spicuously striped with gray, the more dorsal stripe extending from the 
cervical region across the propleura and anepisternum to the ptero- 
pleurite; lower stripe occupying the ventral sternopleurite and meral 
region; posterior sclerites, including the pteropleurite, metapleura and 
most of the pleurotergite of the yellow ground. Halteres elongate, 
stem yellow, knob dark brown. Legs with the coxae gray pruinose, the 
tips paling to yellow; trochanters obscure brownish yellow; remainder 
of legs broken. Wings relatively narrow, with a strong brownish tinge, 
the oval stigma brown; veins dark brown. Venation: Sc relatively 
short, Sc; ending about opposite one-fifth to one-sixth Rs, Scz at its 
extreme tip; vein R, at apex deflected strongly toward the wing apex, 
cell R; at margin correspondingly wide; basal section of R; reduced; 
cell 1st Mz shorter than the veins beyond it; m-cu close to the fork of M. 











130 Annals Entomological Society of America |Vol. XXXIX, 


Abdomen brownish gray, the caudal and lateral borders of the inter- 
mediate tergites narrowly yellow; sternites more uniformly dark brown. 
Male hypopygium with the apical lobe of the basistyle relatively small, 
subequal in length to the inner dististyle. Outer dististyle a very long 
slender-stemmed club, nearly three times as long as the lobe of the 
basistyle, the expanded portion darkened, the stem pale; club more or 
less truncated at apex, provided with conspicuous setae except along the 
outer border. Inner dististyle with a slender curved blackened spine 
and a shorter, more fleshy body that bears the usual fasciculate setae, 
these separate at origins, the outermost from a tuberculate base 
Aedeagus a simple darkened blade, its apex a decurved point; sub- 
tending spines unusually small and weak, straight, slightly unequal 
in size. 

Hasitat: Mexico (Morelos and Mexico State). Holotype, ov, 
Lagunas de Zempole, Morelos, altitude 2,800 meters, September 2, 
1937, in open pine forest, swept from grasses and Alnus foliage between 
boulders on rocky hills (A. M. Dampf); M. F. 6189. Paratype, a broken 
2, Ajusco, Mexico State, altitude 3,500 meters, May 10, 1925 (A. M. 
Dampf); M. F. 549. 

Gonomyia (Gonomyia) megarhopala is very distinct from other 
regional species, especially in the structure of the male hypopygium. 
In the latter regard, it somewhat suggests the more northern G. (G.) 
filicauda Alexander but is entirely distinct. 


Gonomyia (Gonomyia) bifurcula sp. n. 


Allied to bifurcifer; general coloration of mesonotum dark brown, 
the scutellum obscure yellow; pleura and pleurotergite brownish yellow 
or light brown; wings with a weak brownish tinge, stigma scarcely 
indicated; Roi3,4 a little longer than Rs, the latter in longitudinal 
alignment with R;; m-cu at near one-third the length of cell /s¢ M2; male 
hypopygium with the two dististyles terminal in position, the inner 
style profoundly bifid; outer dististyle slender, microscopically denticu- 
late on outer face at near midlength; phallosome terminating in two 
blackened, unequal spines. 

Male.—Length about 4.5 mm.; wing, 5 mm. 

Head broken. Pronotum infuscated; pretergites obscure brownish 
yellow. Mesonotal praescutum and scutum very dark brown, the 
surface sparsely pruinose; praescutal borders paler brown; scutellum 
chiefly obscure yellow, the base restrictedly darkened; mediotergite 
dark brown, sparsely pruinose; pleurotergite brownish yellow. Pleura 
light brown, the dorsopleural membrane more yellowed. Halteres 
relatively long, brownish black, the base of stem narrowly yellow. 
Legs with the coxae yellowish brown, trochanters darker; remainder of 
legs broken. Wings with a weak brownish tinge, the prearcular field 
paler; stigma scarcely indicated; veins brown. Venation: Sc, ending 
opposite origin of Rs, the latter shorter than Re43,4 which is strongly 
arcuated at origin; Rs in alignment with R;; R, about three times R;; 
cell 1st Mz long, slightly widened outwardly, subequal in length to vein 
M, beyond it; m-cu about its own length beyond the fork of M or at 
near one-third the length of cell /s/ Me. 

Abdomen brown, the hypopygium more yellowish brown. Male 
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hypopygium with the two dististyles terminal in position, the outer 
style a long sinuous blackened blade, its central third somewhat more 
dilated and with microscopic appressed denticles on the outer margin; 
outer third or more narrowed into a flattened blade, its tip acute. 
Inner dististyle bifid, the shorter arm blackened, expanded at tip into 
a scabrous head, including one larger denticle; inner arm elongate, 
terminating in two fasciculate setae of unusual length, approximately 
as long as the arm itself, terminal in position. Phallosome consisting 
of a blackened central structure, forking into two unequal blackened 
spines, the shorter one about one-half as long as the other, at apex 
bent at a right angle into a long spinous point. 

Habitat: Mexico (Chiapas). Holotype, o&, San Antonio Nexapa, 
November 20, 1932 (Parra); through Dampf, M. F. 2220. Para- 
topotypes, Oo. 

This fly is most similar to the Costa Rican Gonomyia (Gonomyia) 
bifurcifer Alexander, which has the hypopygium of the same general 
structure but differs in certain important details, particularly the outer 
dististyle and the phallosome. This latter structure has the two 
subequal arms very long and slender, quite different from the present fly. 


Gonomyia (Gonomyia) juarezi sp. n. 


Allied to aequalis; general coloration of mesonotum grayish brown, 
variegated with yellow, the latter including the broad anterior central 
portion of the scutum and all but the base of the scutellum; halteres 
elongate, stem pale, knob darkened; male hypopygium with the outer 
lobe of basistyle unusually short and stout, dark-colored, pointed at 
apex; outer dististyle a small pale setuliferous cushion; inner dististyle 
truncated at apex, bearing a strongly curved blackened spine; phallosome 
complex, bearing three spines or spine-tipped arms. 

Male.—Length about 5.5 mm.; wing, 6 mm. 

Rostrum obscure brownish yellow; palpi black. Antennae with 
basal segments brownish black, outer segments broken. Head gray; 
eyes large. 

Pronotum and pretergites yellow. Mesonotum with disk of 
praescutum almost covered by a dark grayish brown shield, the lateral 
borders yellow; scutal lobes chiefly grayish brown, extended posteriorly 
onto the base of the scutellum, leaving conspicuous yellow areas on the 
anterior median region of the scutum, posterior portions of scutal lobes 
and the broad scutellum; mediotergite chiefly darkened, the lateral 
border and the pleurotergite paler, pruinose. Pleura reddish brown, 
very vaguely patterned. Halteres elongate, stem pale, knob darkened. 
Legs with the coxae reddish yellow; trochanters obscure yellow; 
remainder of legs dark brown. Wings with a weak grayish tinge, the 
prearcular and costal fields somewhat more whitened; stigma very pale 
brown; veins brown, somewhat lighter in the paler areas. Venation: 
Sc; ending immediately before the origin of Rs, Sc, near its tip; Rs 
and Re43,4 subequal in length; cell /st M, rectangular, shorter than the 
distal section of M3; m-cu a short distance beyond the fork of M. 

Abdominal tergites dark brown; sternites more yellowed; hypo- 
pygium brownish yellow, the dististyles darker. Male hypopygium 
with the outer lobe of basistyle relatively short and very stout, only 
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about two-thirds as long as the remainder of the basistyle and approxi- 
mately equal to the total length of the dististyle; lobe dark-colored, 
pointed at apex, with setae on outer face. Outer dististyle a small oval 
setuliferous cushion. Inner dististyle larger, truncated at apex and 
here bearing the usual two fasciculate setae; on outer margin, close to 
apex, with a powerful, very strongly curved black spine. Phallosome 
complex, bearing various spinous points, including a major recurved 
blackened rod a short distance back from tip, this terminating in a long 
acute spinous point; more basad, a somewhat similar but paler blade, its 
apical point directed caudad; margin of phallosome near base with a 
still smaller blackened point. 

Hapitat: Mexico (Oaxaca). Holotype, o, Yotao, Sierra de Juarez, 
at light, 6-8 P. M., September 15, 1935 (Fr. Reyes); Dampf M. F. 6241. 

This fly is allied to various other species in Mexico and Guatemala, 
including Gonomyia (Gonomyia) aequalis Alexander, G. (G.) chiapasensis 
Alexander, and G. (G.) guerreroensis Alexander, differing from all in 
the structure of the male hypopygium, particularly the outer lobe of 
the basistyle, inner dististyle and phallosome. 


Gonomyia (Lipophleps) impedita sp. n. 

Belongs to the manca group; size relatively large (wing, male, over 
4 mm.); general coloration of mesonotum dark brownish gray, the 
scutellum chiefly light yellow; thoracic pleura grayish brown, with a 
yellowish white longitudinal stripe; legs brownish black; wings with a 
brownish tinge, the oval stigma a little darker than the ground; Sq 
ending before origin of Rs a distance about equal to one-half the length 
of the latter; male hypopygium with the outer angle of the basistyle 
produced into a strong blade that terminates in a blackened spine; 
dististyle elongate, subequal in length and shape to the blade of the 
basistyle; phallosome terminating in two long slender unequal spines. 

Male.—Length about 4.5 mm.; wing, 4.3 mm. 

Rostrum and palpi black. Antennae black throughout. Head 
light gray behind, the center of vertex with a more brownish spot. 

Pronotum and pretergites clear light yellow. Mesonotal praescutum 
and scutum dark brown, heavily gray pruinose; scutellum behind broadly 
light yellow, narrowly darkened medially at base, parascutella dark; 
mediotergite dark brown, heavily pruinose; pleurotergite chiefly yellow, 
sparsely pruinose. Pleura grayish brown, with a conspicuous yellowish 
white longitudinal stripe across the central pleurites, beginning behind 
the fore coxae and involving the dorsal sternopleurite, ventral ptero- 
pleurite and metapleura. Halteres with stem obscure yellow, knob 
infuscated. Legs with the coxae and trochanters yellow; remainder of 
legs dark brown to brownish black. Wings with a brownish tinge, the 
prearcular and costal fields more whitened; stigma oval, very pale brown, 
only a trifle darker than the ground; veins brown, those in the prearcular 
field paler. Venation: Sc; ending before the origin of Rs a distance 
about equal to one-half the length of the latter; m-cu immediately 
before the fork of M. 

Abdominal tergites dark brown, sternites paler; hypopygium yellow. 
Male hypopygium with the basistyle small, oval in outline, the outer 
portion produced into a powerful sclerotized blade that is longer than 
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the style itself, the basal two-thirds glabrous, the distal portion nar- 
rowed to an acute blackened spine, the margin back from the tip more 
or less concave and provided with microscopic setulae, these latter 
continued down the margin of the blade to opposite the point of insertion 
of the dististyle. Dististyle elongate, nearly as long as the blade of 
the basistyle and having nearly the same general outline, narrowed to 
the apex which bears a single seta, with other scattered setae on the 
distal four-fifths; fasciculate bristles on margin of outer third, their 
length exceeding the width of the style opposite their point of origin. 
Phallosome terminating in two long spinous points, the shorter one 
almost straight, very acute, its surface with scattered microscopic 
setulae; longer spine from a dilated base, gently curved, very gradually 
narrowed to the acute tip, the surface glabrous. 

Hasitat: Mexico (Oaxaca). Holotype, o&, Cacalotepec, Sierra de 
Juarez, November 14, 1935 (Fr. Reyes); Dampf M. F. 6239. 

In the manca group of the subgenus, among those forms having the 
dististyle of the male hypopygium subterminal in position, numerous 
species have the outer projecting lobe of the basistyle fleshy and 
setiferous while fewer species have this lobe more or less modified into a 
sclerotized spine or blade. Such species in the Neotropical fauna 
include Gonomyia ( Lipophleps) bispinosa Alexander, G. (L.) borburatana 
Alexander, G. (L.) diacanthophora Alexander, G. (L.) macintyrei Alex- 
ander, G. (L.) misera Alexander, G. (L.) orthomera Alexander, G. (L.) 
orthomeroides Alexander, G. (L.) reyesi sp. n., and G. (L.) senaria 
Alexander. Among these species, the present fly is most similar to 
macintyrei (Ecuador) and senaria (Peru), differing conspicuously from 
both in the structure of the basistyle and, especially, of the phallosome. 


Gonomyia (Lipophleps) reyesi sp. n 

Belongs to the manca group; size small (wing, male, under 3.5 mm.); 
general coloration of thorax pale to medium brown, without pattern; 
legs pale brown, the outer tarsal segments darker; wings with a brownish 
tinge; Sc short; male hypopygium with the outer lobe of basistyle a 
slender black rod, terminating in a short acute spine, back from the tip 
with numerous delicate setulae; dististyle relatively long, the two 
fasciculate setae unequal in size, terminal in position; phallosome 
consisting of a very long and powerful median rod, strongly sinuous, its 
tip prolonged into a straight blackened spine. 

Male.—Length about 3 mm.; wing, 3.2-3.3 mm. 

Rostrum and palpi black. Antennae black, the verticils of male 
very long. Head with the anterior vertex and broad orbits obscure 
yellow, the central region of vertex pale brown. 

Pronotum and pretergites yellow. Mesonotum almost uniformly 
pale to medium brown, the posterior border of scutellum narrowly 
obscure yellow. Pleura medium brown, with no clearly indicated 
pattern. Halteres weakly infuscated. Legs with the coxae and 
trochanters pale yellow; remainder of legs very pale brown, the outer 
tarsal segments darker. Wings with a brownish tinge, the prearcular 
and costal fields pale yellow; stigma very pale brown, barely indicated 
against the grourd; veins brown, those at the wing base a little paler. 
Venation: Sc; ending before origin of Rs a distance about equal to two- 
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thirds to three-fourths the length of the latter; m-cu shortly before the 
fork of M. 

Abdomen brown, the hypopygium yellow. Male hypopygium with 
the outer lobe of basistyle a slender black rod, slightly sinuous at base, 
the outer two-thirds straight, terminating in a short acute spine; before 
the spine and for a distance back from tip with abundant microscopic 
setulae that become more sparse toward midlength of the lobe. Disti- 
style about a fifths as long as the spine of basistyle and more than 
twice as broad; fasciculate setae unequal in size, one about twice as 
stout as the other, both placed at apex of style. Phallosome entirely 
glabrous, consisting essentially of a very long and powerful median rod, 
flattened and strongly sinuous, the tip produced into a long straight 
blackened spine; at base of the major rod with a small oval pale blade. 

Hasitat: Mexico (Oaxaca). Holotype, o&, San Cristobal, altitude 
150 meters, December 13, 1937 (A. M. Dampf); M. F. 6362. Paratopo- 
types, 4 oo", December 13-19, 1937; M. F. 6362, 6435. 

I am pleased to name this distinct fly for Mr. Francisco Reyes, one 
of Doctor Dampf’s most efficient inspectors. Like the preceding 
species, the present fly belongs to the aggregation of forms that have 
the dististyle of the male hypopygium subterminal in position and with 
the outer lobe of the basistyle prolonged into a spinous rod or blade. 
It is entirely distinct from all those forms listed under the preceding 
species, differing particularly in the lobe of the basistyle and the powerful 
central rod of the phallosome. As in the case in various other species 
of Lipophleps, the suture of the dististyle is poorly developed, indicating 
a partial fusion with the basistyle. 


Gnophomyia Osten Sacken 
Gnophomyia (Gnophomyia) monophaea sp. n. 

General coloration dull black, the anterior pretergites conspicuously 
yellow; head pruinose in front, with a small, simple vertical tubercle; 
knobs of halteres brownish black; wings with a weak brownish tinge, 
variegated by a conspicuous darker brown cloud over the anterior cord; 
Rs short and straight, subequal to Re4344; branches of Rs long, extending 
generally parallel to one another; cell Js¢ Mz elongate-rectangular, with 
m-cu at midlength. 

Female.—Length about 7.5 mm.; wing, 7.3 mm.; antenna about 
2.9 mm. 

Rostrum and palpi brownish black. Antennae with scape and 
pedicel dark brown, flagellum brownish black; scape relatively short, 
subequal to the first flagellar segment; flagellar segments elongate, 
subcylindrical or slightly swollen before midlength; longest verticils 
exceeding the segments in length; terminal segment about four-fifths 
the length of the penultimate. Head dull black, the front pruinose; a 
small simple vertical tubercle; anterior vertex broad, about three times 
the diameter of the scape. 

Pronotum darkened above; pretergites conspicuously light yellow. 
Mesonotal praescutum dull black medially, the humeral region more 
reddened; posterior sclerites of notum dull black, the posterior border 
of the praescutum more reddened. Pleura with a broad black dorsal 
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stripe extending from the cervical region across the dorsal propleura 
to the pteropleurite, the latter paler; beneath the dorsal stripe with a 
conspicuous brownish yellow longitudinal stripe extending from behind 
the fore coxae to the meron and metapleura, the surface sparsely 
pruinose; ventral sternopleurite black, pruinose. Halteres with stem 
obscure yellow, knob brownish black. Legs with coxae and trochanters 
yellow; femora brown; tibiae and tarsi passing into black. Wings 
with a weak brownish tinge, variegated by a conspicuous darker brown 
cloud over the anterior cord, involving the bases of the outer radial 
cells; stigma long and narrow, brown, not connected with the discal 
darkening; veins brownish black. Venation: Sc long, Sc; ending just 
beyond the fork of Re13:4, Sce some distance from the tip of Sc, the 
latter being about four-fifths Rs; Rs short and straight, subequal to or 
a trifle longer than R,3,4; cord at near midlength of wing, the branches 
of Rs long, extending generally parallel to one another throughout their 
lengths; cell /st M elongate rectangular, only slightly wider at outer 
end, subequal in length to vein M, beyond it; m-cu at midlength of 
cell 1st Mo. 

Abdomen dark brown, the caudal borders of the intermediate tergites 
narrowly paler; genital segment brownish black; cerci long and con- 
spicuous, compressed-flattened ; hypovalvae very short. 

Hapsitat: Mexico (Chiapas). Holotype, 2, Nueva America, Feb- 
ruary 22, 1931; no Dampf M. F. number. 

This fly is readily distinguished from all other regional species by 
the pattern and venation of the wings, especially the short straight Rs, 
unusually long radial branches, and long-rectangular cell /st Me, with 
m-cu at midlength. It appears to be closest to various species centering 
around Gnophomyia (Gnophomyia) maestitia Alexander but is very 
distinct. 


Erioptera Meigen 


Erioptera (Empedomorpha) apacheana sp. n. 


General coloration yellow, the notum variegated with brownish 
gray, including three nearly confluent praescutal stripes; pleura yellow, 
striped longitudinally with brownish gray; halteres yellow; legs yellow, 
the tips of the more proximal segments tipped with darker; wings pale 
yellow, stigmal region in male greatly dilated and hairy; male 
hypopygium with the outer dististyle simple, its tip acute, phallosome 
with four apophyses, the lateral pair shorter, slightly bidentate at tips: 
inner apophyses appearing as slender yellow rods that bear conspicuous 
black lateral spines. 

Male.—Length about 4.5-6 mm.; wing, 4.8-8 mm. 

Female.—Length about 4.5 mm.; wing, 4.5 mm. 

Rostrum brownish yellow; palpi pale brown. Antennae brown, in 
cases the flagellum paler; flagellar segments long-oval, with elongate 
verticils. Head pale yellow. 

Pronotum yellow medially, restrictedly patterned with brown. 
Mesonotal praescutum with the ground light yellow, almost covered 
by three broad brownish gray stripes that tend to become entirely 
confluent; in cases, the central stripe with a further delicate median 
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brown vitta; scutal lobes darkened; central portion of scutum yellow, 
with a further weak median darkening; scutellum pale brown; post- 
notum pale brownish gray. Pleura yellow, striped longitudinally with 
brownish gray. MHalteres yellow. Legs long and hairy, as in the 
subgenus; coxae yellow, the fore pair more darkened; trochanters 
obscure yellow; femora, tibiae and proximal two tarsal segments yellow, 
the tips narrowly infuscated; outer tarsal segments darkened; claws 
simple. Wings with a pale yellowish or whitish tinge, the veins brown, 
paler in the prearcular and costal fields. Stigmal region in male greatly 
expanded and dilated, provided with abundant trichia; in female, this 
field less dilated but with the venation approximately the same. Vena- 
tion: Rs long and straight, with Rs, R3,4 and R; all arising from its 
end; R; long and oblique, exceeding R142; cell R; shallow, about one-half 
its petiole; cell 1s¢ Mz closed; m-cu at the fork of M; vein 2nd A straight 
or virtually so. 

Abdomen dark brown, the hypopygium a little paler. Male 
hypopygium with the outer dististyle a simple flattened blade, dilated 
just before the acutely pointed apex, without armature, as has 
empedoides. Inner dististyle subequal in length, a little wider on 
distal two-thirds, the tip obtuse; at and near apex with a few setigerous 
punctures. Phallosome consisting of four slender blades, the lateral 
pair shorter, blackened at tips which are weakly bifid; inner apophyses 
appearing as longer yellow spinous points, each bearing an acute 
blackened lateral spine. 

Hasitat: Mexico (Nuevo Leon). Holotype, o&, Granja Rodriguez, 
altitude 195 meters, June 6, 1931 (A. M. Dampf); M. F. 2046. Allotopo- 
type, Q, pinned with type. Paratopotypes, 8 oo, June 5-6, 1931; 
M. F. 2029, 2046. 

The only other described species of Empedomorpha Alexander is the 
subgenotype, empedoides (Alexander) of the central and southwestern 
United States. This latter has the same peculiar sexual dimorphism 
and shows the great range in size in the male sex that is found in the 
present fly. The two species differ evidently in the structure of the 
male hypopygium, especially the dististyles. 


Erioptera (Mesocyphona) leonensis sp. n. 


Allied to modica; general coloration of mesonotum dark gray, the 
praescutum with two brown stripes; legs light brown or yellowish 
brown, unpatterned; wings with a pale brownish tinge, unpatterned; 
male hypopygium with the dististyle three-branched on two principal 
stems, the outer branch a long powerful black spine that is weakly 
forked near apex; lower stem dividing into two branches at near mid- 
length, the outer branch with a long comb of darkened teeth along outer 
margin; gonapophysis of either side single, appearing as a long curved 
black glabrous spine. 

Male.—Length about 2.5 mm.; wing, 3 mm 

Female.—Length about 3 mm.; wing, 3.5 mm. 

Rostrum and palpi brownish black. Antennae with scape and 
pedicel brownish black; flagellum much paler, brownish yellow. Head 
above dark brown, more yellowed in front. 

Pronotum dark brownish gray, the lateral borders narrowly yellow; 
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pronotal scutellum and the pretergite less evidently brightened. Meso- 
notum dark gray, the praescutum with two brown stripes that converge 
behind, leaving a broad median ground area; scutellum yellowish 
testaceous, postnotum dark brown, gray pruinose. Pleura dark 
brownish gray, with a poorly delimited, clearer gray longitudinal 
stripe; dorsopleural region dusky. Halteres with stem yellow, knob 
weakly darkened. Legs with the fore coxae brownish black, remaining 
coxae obscure yellow; trochanters yellow; remainder of legs light brown 
or yellowish brown, unpatterned. Wings with a pale brownish tinge, 
the prearcular and costal regions a little more yellowed; stigmal area 
very vaguely and diffusely darker; veins pale brown; macrotrichia 
darker. Venation: Cell Mz open by the atrophy of the basal section 
of M3; vein 2nd A with the distal third gently sinuous. 

Abdomen dark brown, the sternites a trifle paler; hypopygium dark 
brown to brownish black. Male hypopygium with the dististyle three- 
branched, including two main stems; outer stem a long powerful black 
spine, gently sinuous, gradually narrowed to the acute spinous tip, 
before the latter with a smaller lateral point; inner stem of about the 
same diameter, at near midlength forking into two branches, a long- 
triangular outer blade that narrows to the subacute point, the outer 
margin with a long comb of darkened teeth; inner arm a little shorter, 
appearing as a slender rod, the apex obtuse. Gonapophyses single on 
either side, each appearing as a long, gently curved, black rod that 
narrows gradually to the acute tip, the surface glabrous. 

Hapitat: Mexico (Nuevo Leon). Holotype, o&, Montemorelos, 
June 3, 1931 (A. M. Dampf); M. F. 2023. Allotopotype, 2. Paratopo- 
types, several & 9. 

The most similar described species is Erioptera (Mesocyphona) 
modica Alexander, of southern Mexico, which differs especially in the 
structure of the male hypopygium, particularly the peculiarly modified 
outer stem of the dististyle. 




































Cryptolabis Osten Sacken 
Cryptolabis (Cryptolabis) luteola sp. n. 


General coloration of entire body and appendages pale yellow; 
macrotrichia of wings relatively numerous in all cells beyond the cord; 
Rs relatively long and sinuous; m-cu shortly before the fork of M3,,, 
cell M; deep; male hypopygium with the slender dististyle terminal in 
position, arcuated, the tip produced into an acute spine; aedeagus 
stout, its distal portion weakly convoluted. 

Male.—Length about 4 mm.; wing, 3.9 mm. 

Rostrum and palpi light yellow. Antennae with the scape and 
pedicel yellow; flagellum broken. Head uniformly pale yellow. 

Thorax yellow, the notum a little more obscure than the pleura. 
Halteres yellow. Legs yellow. Wings yellow, the veins a little darker 
but well-delimited by conspicuous black macrotrichia. Macrotrichia 
in all cells beyond cord, chiefly occurring as linear series in the centers 
of the cells. Venation: Rs relatively long and sinuous; Re,3,4 suberect; 
R, oblique; outer radial branches gently upcurved at margin; m-cu 
shortly before fork of M3,4; cell M3 deep. 
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Abdomen obscure yellow. Male hypopygium with the dististyle 
terminal, arcuated and unusually slender, especially the darkened apical 
spine; outer surface of style immediately back from apex with two 
microscopic points; still further back from apex with two conspicuous 
erect setae. Aedeagus stout, particularly at base, the outer portion 
weakly convoluted but not bent back upon itself. 

Hapitat: Mexico (Chiapas). Holotype, &, — altitude 
40 meters, November 9, 1942 (A. M. Dampf); M. F. 

Cryptolabis (Cryptolabis) luteola is readily told from a ited species 
by the uniformly pale yellow coloration of the be dy, and by the structure 

f the male hypopygium, especially the dististyle. The pale color is 
a due to a teneral condition since all structures are evidently fully 
lored. 
Cryptolabis (Cryptolabis) parrai sp. n. 

General coloration of thorax yellow, variegated with dark brown, 
including three praescutal stripes; head pale yellow; halteres with stem 
dusky, knob obscure yellow; wings whitish subhyaline, the outer cells 
with macrotrichia; Rs short and nearly straight, oblique; cell R, tri- 
angular in outline; m-cu about one-third its length before the fork of 
M3.,4; male hypopygium with the dististyle a paddle-like arcuated 
blade, before its apex with five or six powerful darkened spines; aedeagus 
straight, unusually slender on more than the outer half. 

Male.—Length about 3.5 mm.; wing, 3.9 mm. 

Rostrum brownish yellow; palpi becenaits black. Antennae with 
scape black; remainder of organ broken. Head pale yellow. 

Pronotum above testaceous yellow, darker on sides. Mesonotum 
obscure testaceous yellow, variegated with dark brown, including three 
praescutal stripes and the scutal lobes; posterior sclerites of notum 
somewhat paler brown. Pleura dark brown, restrictedly patterned 
with paler, including the dorsopleural membrane and the dorsal portion 
of the sternopleurite. Halteres with stem dusky, yellow basally, knob 
obscure yellow. Legs with the coxae and trochanters yellow; femora 
and tibiae brownish yellow, the tips narrowly more darkened; tarsi 
broken. Wings whitish subhyaline; veins brown. Macrotrichia of 
outer wing cells numerous, occurring in cells R. to Cu, inclusive. 
Venation: Rs short and nearly straight, oblique; cell R, triangular in 
outline; m-cu about one-third its length before the fork of M2,4 

Abdomen brown, the hypopygium a little more brownish yellow. 
Male hypopygium with the dististyle terminal in position, unusually 
conspicuous, appearing as a flattened paddle-shaped blade, arc uated, 
the tip obtuse; before apex with five or six powerful darkened spinous 
points that are directed outwardly. Aedeagus straight, uncoiled, stout 
on basal fourth, thence narrowed gradually to the tip, for most of the 
length unusually slender. 

Hasitat: Mexico (Chiapas). Holotype, & 
November 20, 1932 (Parra) ; M. F. 2220. 

I take great 7 in naming this very distinct fly for the collector, 
Inspector José Parra. It differs from other generally similar regional 
members of the subgenus, as Cryptolabis (Cryptolabis) luteiceps Alex- 
ander, in the structure of the male hypopygium, particularly the spinous 
points on the dististyle and the conformation of the aedeagus. 


, San Antonio Nexapa, 
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Molophilus Curtis 


Molophilus (Molophilus) pustulatus sp. n. 

Belongs to the plagiatus group; size relatively large (wing, male, 
6 mm.); general coloration brownish black; antennae short; knobs of 
halteres very weakly darkened; wings with a brownish suffusion, darker 
in the stigmal area; male hypopygium with the basal dististyle an 
elongate rod, narrowed gradually to the acute spinous point, the apical 
fifth bent at virtually a right angle to the remainder; surface of style 
with abundant microscopic spinulae over most of the length. 

Male.—Length about 5.5 mm.; wing, 6 mm 

Rostrum light brown; palpi black. Antennae dark brown, broken 
beyond the fourth segment; basal flagellar segments short-cylindrical, 
the entire organ evidently short. Head light gray; anterior vertex and 
orbits darker gray; center of vertex dark brown. 

Pronotum above obscure yellow, darker on sides; pretergites clear 
light yellow. Mesonotal praescutum almost entirely and uniformly 
dark brown, the interspaces more reddened; humeral triangle yellow; 
scutum chiefly dark brown, the lobes more reddened behind; posterior 
sclerites of notum dark brown. Pleura almost uniformly dark reddish 
brown, including the dorsopleural membrane. Halteres with stem 
yellow, knob very weakly darkened. Legs with coxae clear light 
yellow; trochanters yellow; femora and tibiae obscure yellow, the tips 
narrowly darkened; proximal tarsal segments obscure brownish yellow, 
the outer ones darker. Wings with a relatively strong brownish 
suffusion, the stigmal region and a seam along Cw a little more darkened; 
prearcular field light yellow; veins brown, brighter in the prearcular 
area. Venation: Re lying just beyond the level of r-m; petiole of cell 
M; approximately twice the gently sinuous m-cu; vein 2nd A long, 
ending about opposite midlength of the petiole of cell M3. 

Abdomen, including hypopygium, brownish black. Male hypopygium 
with the beak of the basistyle slender. Outer dististyle a gently curved 
rod, the apical arms very unequal in size and shape, the outer long and 
slender, the shorter lower arm more sheathing. Basal dististyle an 
elongate rod, straight for most of the length, the apical fifth bent at 
virtually a right angle to the remainder; basal fourth of style more 
swollen, provided both above and beneath with small spinous points; 
the organ thence very gradually narrowed to the acute tip, the surface 
with the small spinous points virtually to the apex. Phallosomic 
plate with the outer portion suboval, rounded, the margin smooth. 
Aedeagus elongate, slender. 

Hapitat: Mexico (Chiapas). Holotype, co, Nueva America, Feb- 
ruary 22, 1931; no Dampf M. F. number. 

This very distinct species requires little comparison with other 
regional forms. In its general appearance it somewhat resembles 
various species, such as Molophilus (Molophilus) falx Alexander, with 
elongate antennae in the male sex but such similarity is entirely super- 
ficial. The structure of the male hypopygium, particularly the basal 
dististyle, of the present fly is entirely distinctive. 








IDENTIFICATION OF CULEX MALES UNDER 
LOW MAGNIFICATION 


HAROLD R. DODGE 
Assistant Entomologist, 
U.S. Public Health Service! 


The male hypopygia of most mosquito genera afford excellent means 
of specific identification, with the result that in this country little atten- 
tion has been given to other methods of male mosquito identification. 
To study the hypopygium it usually is necessary to remove the tip of 
the abdomen, clear it with caustic potash and mount on a slide for 
study with the compound microscope. When large numbers of spec- 
imens are received daily for determination the time required for prep- 
aration of the hypopygium becomes excessive, therefore the writer was 
faced with the alternatives of finding more expedient means of deter- 
mining the Culex males, or not studying them at all. 

The purpose of this article is to set forth characters whereby males 
of the ten species of Culex which occur in Georgia can be distinguished 
by the low powers of the binocular microscope. The most useful 
structures for this purpose are the palpi. The palpi are paired, lie just 
above the proboscis, and in all male Culex studied they exceed the 
length of the proboscis by at least the length of their apical segment and 
have the apical two segments turned upwards. These two segments 
are subequal in diameter to the preceding segments, are usually scaled 
on the dorsal and ventral surfaces, and, together with the apical part of 
the antepenultimate segment, are fringed laterally with long hairs. By 
the long, upturned palpi male Culex can be distinguished from all other 
North American mosquitoes, but the genus is further recognized by the 
nature of the hypopygium. In gross structure the latter consists of 
two lobes (side pieces) each bearing a terminal process (clasper). In 
Culex the claspers are parallel, and together with the side pieces, resem- 
ble somewhat the flexed human index and middle finger; in the other 
genera the claspers are opposed to each other, like the index finger and 
the thumb. Except for Culex tarsalis, which is very rare in Georgia, 
the legs are not ringed with white scales and the species are medium 
sized and brownish, or smaller and darker. 

Representatives of all three North American subgenera of Culex 
occur in Georgia. In the male sex these subgenera and their Georgian 
species may be characterized as follows: 

Culex (Neoculex). Abdominal tergites pale-scaled apically; wing 
scales narrow; apical two segments of palpi ventrally with sparse, very 
narrow (five to six times longer than wide) scales, which are not visible 
at low magnification. Our single species, Culex apicalis Adams, is easily 
recognized by the pale scales on the apices of the abdominal tergites. It 
is a rather small species, with thorax brown, paler than the abdominal 
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tergites. 
scales. 

Culex (Melanoconion). Wing scales moderately broadened; abdom- 
inal tergites dark scaled, with a basal white spot laterally, or with nar- 
row, pale basal bands, thoracic vestiture usually dark brown. Small, 
dark species with wings appearing dusky because of the broadened 
scales. The vestiture of the palpi and abdominal sternites is variable, 
according to the species. 

Culex (Melanoconion) erraticus Dyar & Knab. Apical two segments 
of palpi entirely clothed below with dark scales having a coppery luster, 
lateral fringe of hairs normal; venter of abdomen banded, each sternite 
with pale scales basally and dark scales apically. This is the largest and 
most common species of the subgenus, but is variable in size and vesti- 
ture. The thorax is often clad with golden scales, and the abdominal 
tergites are not infrequently with narrow basal bands of pale scales. 

Culex (Melanoconion) peccator Dyar & Knab. Apical two segments 
of palpi entirely clothed below with dark scales having a coppery luster, 
lateral fringe greatly reduced, consisting of about twelve short bristles; 
venter of abdomen (as in the female) entirely clad with white scales. 
This species is widespread but rather rare. It may be immediately 
recognized by the reduction of the lateral apical fringes of the palpi, and 
by the enlarged tip of the abdomen. The ventral pale scaling dis- 
tinguishes both sexes from the other two species of Melanoconion; this 
character has not been previously recognized. 

Culex (Melanoconion) pilosus Dyar & Knab. Apical two segments 
of the palpi each with a small basal patch of whitish scales ventrally, 
lateral fringe normal; venter of abdomen banded, as in Culex erraticus. 
This is our smallest species of Culex, and may be recognized by the small 
patch of sordid white scales at the base of each of the apical two palpal 
segments. 

Culex (Culex). Medium-sized, brownish species, with narrow wing 
scales and palpi spotted or streaked with (usually) white scales ventrally 
on the last two segments; abdomen dorsally with a white or yellow band 
of scales at the base of each segment; abdominal sternites pale-scaled, 
sometimes with darker median spots. 

Culex (Culex) nigripalpus Theobald. Palpi unusually long, very 
heavily fringed laterally and with patches of sordid white scales ven- 
trally. Thoracic vestiture black; abdominal tergites with (usually) 
inconspicuous bands of white scales. This species is easily separated 
from the other Culex (Culex) studied by the above-mentioned palpal 
characters and the black vestiture of the thorax. 

Culex (Culex) quinquefasciatus Say (Culex fatigans Wied., of extra- 
North American authors). Penultimate segment of palpi with a stripe 
of white scales below, extending from the base of the segment to the 
apical third or quarter of its length; apical segment with a patch of white 
scales at its base. Thorax with brownish vestiture having some luster. 
Abdomen dorsally with broad bands of white scales at the base of each 
segment, these bands continued along the sides of each segment; venter 
of abdomen with white or whitish scales, sometimes with a median 
darker spot on each segment. Culex quinquefasciatus is the common 
house mosquito of the South, and tropics of the world. The males are 
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easily distinguished from all species except pipiens by the stripe of 
white scales on the ventral side of the antepenultimate palpal segment. 

Culex (Culex) pipiens Linn. is very closely related to qguinquefasciatus. 
The writer has not observed how its male differs from that species if it 
differs at all in characters other than the male hypopygium. Culex 
pipiens is the house mosquito of the north temperate zone. Larvae and 
females have been recognized from Atlanta and Rome, Georgia. 

Culex (Culex) salinarius Cogq., tarsalis Coq. and restuans Theobald all 
agree in the nature of the male palpi, which have three spots of white 
scales on the ventral sides of the apical two segments. Two of these 
spots are situated basally on each segment; the third is situated on the 
penultimate segment, beyond the middle of its length. These three 
species are easily separated from each other by the other characters 
given in the key which follows. Tarsalis is extremely rare in Georgia; 
restuans is quite common during the winter months; salinarius occurs 
throughout the season and is widely distributed, though not abundant. 


KEY TO THE MALE CULEX OF GEORGIA 


1. Penultimate segment of palpi with ee ventral spots or stripes of 


ED MONIES vais hae ene ka een bees Dees ais acetal 
Penultimate segment of palpi with spots ‘inconspicu uous, “sordid white or 
DR See eee c ei i ict Ade eenetes bab Guam nanhtn ile Lai as 5 
2. Penultimate segment of ‘palpi with a ventral stripe extending for more than 
half its length..... ; .....Quinquefasciatus and pipiens 
Penultimate segment of ps lpi with two ventral spots, one basal, the other 
I ON AID iy ss so 8a tivcam med aeenseaubeuiawaes.s aterete see 
3. Tarsi banded with white; thorax Vi variegated with bright brown and white 
vestiture...... sis ga mela cktnce Ietaiiete a ew oe nie Dibra a aed . ...... tarsalis 
Tarsi unicolorous, brown; thorax unicolorous brown or faintly 1 marked with 
MUR oG eos ssc win yao «es 4 
4. Abdominal dorsal bands of brownish- yellow sc -ales; thorax with uniform dark 
brown vestiture.......... at salinarius 
Abdominal dorsal bands of white sc ales; thorax with faint streaks of whitish 
scales at base and often with two median dots of whitish scales... ...restuans 
5. Apical two segments of palpi ventrally with small basal spots of sordid white 
III a ers cl ticta Aine ons be a biv a Ae eta wine OSE RE Rn w's Ki vte WS 6 
Apical two segments of palpi without p: atches of scales ventrally bn aac ares 7 


6. Palpi heavily fringed laterally, long, the tip of proboscis attaining the bas: lL 
half of the penultimate segment; penultimate segment with a small patch of 
brownish scales beyond the middle of its length; wing scales narrow; venter 
eS ee eer reer ry nigripalpus 

Palpi of normal length, with lateral fringe normal, and penultimate segment 
without scale patch beyond middle; a smaller, dark species with wing scales 
broadened and sternites with white basal bands of scales... ; . pilosus 


7. Apical two segments of palpi apparently not scaled below; abdomen dors: illy 

with a narrow band of white scales on the apical margin of each segment, 
apicalis 

Apical two segment of palpi with continuous dark scaling with bronzy luster 
ventrally; abdominal dorsal white scales basal, if present... 8 

8. Lateral bristles of apical palpal segments numerous as is the rule; venter of 
abdomen banded with white; hypopygium not greatly enlarged... .erraticus 


Lateral bristles of apical palpal segments very sparse; venter of abdomen uni- 
formly white-scaled; tip of the abdomen appears swollen, due to the large 
OU 6 Coden anu iekesss pads peas ....peccator 


A NOTE ON THE CULTURING OF CHIGGERS 
(TROMBICULIDAE)' 


CAPT. ROY MELVIN, Syn. C., A. U.S. 


During the course of an investigation on the toxicity and repellency 
of various organic compounds to arthropods affecting man, studies were 
made on methods of propagating chiggers in the laboratory for test and 
taxonomic purposes. A brief discussion of the technique found most 
successful follows. A satisfactory culture medium for most of the 
species of chiggers studied consisted of soil and chicken manure from 
the floor of a chicken house. The soil was rendered free of animal life 
by heating it in a dry oven. There was some clay in the soil, and when 
wet samples were heated there was a tendency for many small pellets to 
form which allowed interspaces in the cultures, thus permitting the 
mites to adjust themselves more readily to the proper condition of 
moisture. It was later found that the medium could be duplicated by 
mixing one part chicken manure with five parts of soil from other 
sources. 

The rearing chamber consisted of 50 cubic centimeter wide mouth 
bottles about one-half full of the treated soil. Moisture was added at 
irregular intervals depending on the rate of evaporation, but at all 
times the soil in the bottom of the bottle was damp. The bottles were 
placed in the centers of discs of dimethyl phthalate treated blotter 
paper which prevented contamination of the cultures by other mites 
and at the same time prevented the escape of the test mites. 

In starting cultures with adult chiggers, each adult was placed in a 
separate bottle and allowed to remain therein for 8 to 14 days before 
being removed and preserved for study. If live larvae were desired the 
bottles were plugged with cotton surrounded with silk cloth. If asso- 
ciation of larvae with their respective adults was all that was desired, 
the bottles were left open allowing larvae to migrate out and be killed 
by the dimethyl phthalate on the blotter paper. 

When it was desired to complete the life cycle the silk lined stopper 
was removed and by means of a camel’s hair brush, newly hatched 
larvae were transferred to the bare axillary skin of one to three weeks ° 
old baby chicks. A large percentage of the larvae established when 
thus transferred. The chicks were kept in glass battery jars for five 
to six days by which time the larvae had engorged and detached. 
Engorged larvae were transferred to culture bottles. White rice only 
was fed the chicks as unconsumed rice did not interfere with the finding 
of larvae. Feces of chicks of this age were rather dry and entrapped 
only a small per cent of the larvae. 


'The work described in this paper was done under a contract, recommended 
by the Committee on Medical Research, between the Office of Scientific Research 
and Development and the Gorgas Memorial Laboratory, Panama City, R. de P. 

The author is greatly indebted to Dr. Herbert C. Clark, Director of the 
Gorgas Memorial Laboratory, for supervision and the assistance in making these 
studies possible 
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Nymphs appeared in the culture bottles in 9 to 18 days after the 
introduction of the engorged larvae. Small amounts of water, one to 
two cubic centimeters were added to the bottles about every week 
and no other care was given the cultures until some two weeks after 
adults appeared. Experience had shown that few or no eggs are laid if 
the adults were kept at laboratory temperatures. The daily maximum 
laboratory temperature seldom reached 30° C., and the daily minimum 
temperature was often 20° C. Heating the cultures to about 35° C. 
for two to three days was conducive to good egg production, but long 
exposure to this temperature was often fatal. 

The second generation of larvae appeared in about 19 days, and the 
cycle was repeated using mass cultures. 

Engorged larvae of unknown species, generally mixtures of several 
species, from host animals were cultured in the same way as those 
obtained from chicks, except that the resulting adults were removed 
and placed into individual culture bottles before subjection to the 
elevated temperature required for oviposition. 

Eutrombicula hominis Ewing and a new species of Eutrombicula to be 
described in a subsequent publication were bred through two or more 
generations. Data on the length of the various stages are very incom- 
plete, but they indicate that there is a close similarity in the life cycle 
of the two species studied. The eggs are laid in clusters which remind 
one of dewberries. Contrary to reports on other species of Trombi- 
culidae, these two species lay a large number of eggs at one time. This 
was also the case with several other species in which a partial life cycle 
was obtained. One female of the new species of Eutrombicula men- 
tioned above laid a cluster of 56 eggs over night. And in another case 
87 larvae were bred from a single female that was confined in treated 
soil for eight days. The minimum time from the introduction of the 
adult to the hatching of the larvae was about 19 days, thus the incuba- 
tion period was slightly less. Larvae generally completed engorgement 
on the chicks in three to six days and transformed into nymphs in 
another six to ten days. No accurate data on the length of the nymphal 
stage are available, but in one instance it was known to be less than 42 
days. The time required to complete the life cycle was about three 
months. 


THE ICHNEUMON-FLIES OF THE GENUS CRYPTANURA BRULLE, 
MAINLY TROPICAL AMERICAN, by R. A. CusHMAN. Proceedings 
of the United States National Museum, Volume 96, No. 3193, pages 139-176, 
1945. 

This article does not attempt a survey of all species belonging to the genus, 
but rather a critical evaluation of the generic characters and a revision of the 
past association of species with it. Several species are removed from Cryptanura 
to Glodianus, Photocryptus, Trapezonalis, and a new genus Cremnocryptus. A key 
to thirty-three species is included, of which most are described as new and several 
are placed in the genus for the first time. A second key to all species of Cryptanura, 
based partly on descriptions, is included.—A. W. L. 


ANALYSIS OF CONCENTRATION-SURVIVAL TIME 
CURVES OF ARSENITE-INJECTED ROACHES 
HAVING DIFFERENT RESISTANCES 


J. FRANKLIN YEAGER anp SAM C. MUNSON 
U. S. Department of Agriculture, Agricultural Research Administration, 
Bureau of Entomology and Plant Quarantine 


In a previous paper (1) the authors presented an analysis of con- 
centration-survival time curves for the American and oriental cock- 
roaches, Periplaneta americana (L.) and Blatta orientalis L., injected 
with sodium metarsenite and then kept at approximately 80° C. and 
65-80 percent relative humidity without food or water. These curves 
exhibited regions of inflection and critical zones. Certain characteristics 
of the curves, including the inflections, were explained on the basis of 
a hypothesis which took into consideration the electrolytic dissociation 
of the poison in the blood of the injected insects, as well as other physio- 
logical processes such as detoxification, excretion, the latent period, and 
the fundamental lethal reaction, that would be expected to take place. 
Further analysis of the data of these experiments, particularly of the 
five replicate experiments 5 A-E, with P. americana, have yielded 
results of interest from the standpoint of the question, Why can some 
individual insects of a species survive a given dosage of insecticide 
for a longer time than other individuals? In this paper the results 
of the further analysis are reported and discussed. 


DATA AND CALCULATIONS 


The data consist of the shortest and the longest individual survival 
times of roaches that were injected with the various concentrations of 
sodium metarsenite. The survival times given in figure 1 and Table I 
are the arithmetic means of the five shortest, or the five longest, survival 
times from the five replicate experiments. Table I includes the arith- 
metic means not shown by the curves in figure 1. 

Twelve arithmetic means, each a mean of the five shortest survival 
times in experiments 5 A through 5 E of the previous paper, are plotted 
against injected concentrations (curve S$) in figure 1. An analogous 
curve (L) for the long survival times is also shown. The open circles 
are the mean observed survival times and the solid dots are survival 
times calculated according to equation (14) of the previous paper, i.e., 


gc | pet 
n—1\([pe+e(1 » (2) | “) | 
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where c=concentration of poison injected, /,=survival time, 


m 
E + c(1— p) (“) | = ¢ corrected for dissociation, c, = minimum 
C 


lethal concentration (approximately), and A, p, cy, m, n, and a@ are 
constants. The values of the constants that had to be used to get 
these fits are given in Table II along with their values used to fit the 
harmonic means in the previous paper, which are given for comparison. 


TABLE I 


ARITHMETIC MEANS OF SHORTEST AND LONGEST SURVIVAL TIMES Not SHOWN IN 
FIGURE 1, AS WELL AS SEVERAL, IN PARENTHESES, THAT ARE 
SHOWN IN FIGURE 1 


CONCENTRATION SURVIVAL TIME (minutes) 


| 
| 
| 
| | 
Molar Shortest Longest 
| 
| 


Gm./100 ml. | 

0.025 0.01923 (378) | (1,174) 
.20 01538 (538) 28,080 
15 | 01154 (936) 58,320 
10 007692 | 14,321 71,856 
075 005769 13,200 66,960 
.050 003846 18,528 86,544 
025 001923 | 23,040 66,750 

Controls | oe 22 464 69 264 


TABLE II 


VALUES OF CONSTANTS USED IN THIS ANALYSIS OF SURVIVAL TIMES OF 
ARSENITE-INJECTED ROACHES 


VALUE OF CONSTANT USED IN FITTING CURVE Of 





CONSTANT : = ; b ; _ 
IN | | | 
EQUATION Shortest | Harmonic Means, | Longest 
(14) Survival Experiment 5 F of | Survival 
Time | Previous Paper! | Time 
si 5 ; ‘ 
n 4 | { | 4 
a } 5 6 
p 0.62 0.48 0.44 
Ca .01694 02203 02870 
n | 3.25 2.5 1.75 
b. .0002 0005 003 
K 0078 0117 0213 
K | | a 
7 0026 0039 0071 
n—1 
n—l | a ‘i 
K | 385 | 206 | 141 


'These values, used to fit the harmonic means in the preceding paper (1), are 
inserted here merely for comparison. Corresponding values for the arithmetic 
means (entire data) are not very different from these. 
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Figure 2 shows curves obtained by plotting molar concentration 
Cc m 
(injected) against values of 100 |» + (1 — 9) (+) | , calculated for 
‘ 


the shortest and the longest survival times by use of the values of 
constants given in Table II. These curves are interpreted as curves 
of dissociation of the sodium metarsenite in the blood of those insects 
that had the shortest (curve S) and those that had the longest (curve ZL) 
survival times. 
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Fic. 1. Concentration-survival time curves for insects having shortest (curve S) 
and longest (curve LZ) survival times in experiments 5 A-E of the previous 
paper. Circles are observed survival times and black dots are calculated 
survival times. 


DISCUSSION 

Before discussing the meaning that may be attributed to the values 
in Table II, the physical significance of the constants will be stated 
briefly in terms of the hypothesis presented in detail in the previous 
paper. The period following injection, during which the injected 
poison is mixed with and distributed by the blood, is the latent period. 
Since this is included in the minimum survival time, a, it should tend 
to cause the latter to vary inversely with rate of circulation and other 
factors responsible for mixing and distributing the poison. The constant 
p represents the degree of dissociation of the poison at the end of the 
latent period following the injection of a maximum concentration. 
Other things remaining the same, p should increase with an increase 
in blood volume and might either increase or decrease with any variation 
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in the chemical composition of the plasma. The highest injected 
concentration that corresponds to complete dissociation of the poison 
in the blood is represented by c,. This also should increase with 
increase of blood volume and might alter either way with change in 
plasma composition. The rate of shifting from molecular to ionic 
state as injected concentration changes and as poisoning progresses, 
i.e., aS concentration of the poison in the blood changes, is represented 
in part at least by the exponent m. The value of m would alter one 
way or the other depending upon the various factors already men- 
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c 
to get what are regarded as percent dissociation curves of the poison in the 
insect blood. Circles and dots are for insects having shortest and longest 
survival times, respectively. 


tioned. The part of the dosage that is rendered noneffective through 
excretion, detoxification, and other processes is included in ¢,, which 
also includes sublethal quantities of the poison that combine with tissue 


component. The value of c, would be greater when these antitoxic 


n— I 
processes are greater. The constant K may be used as an index of 
speed of toxic action per unit concentration factor, since 
mem] ~ ‘ ( Wyn 1 
; = ( 
K 5.—@ 


')""! is the concentration factor and 


P= (Lrea-v( 3)" ]-2) 


where (c 
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is the effective injected concentration, corrected for dissociation, and 


- 3 n 
represents total concentration of ions. The constant ——— , of course, 


K 
is greater for the shortest survival time curve (S, fig. 1; Table IT). 

Examination of figure 1 and table II shows that c, has a higher 
value when survival time is long (curve L) than when it is short 
(curve S$). This indicates that the dissociation of the poison in the 
blood reached completion at a higher injected concentration in the 
insects that had the longer survival times. On the other hand, p is 
lower for the insects with the long survival times, indicating that the 
degree of dissociation at the end of the latent period following the 
injection of the maximum concentration was less for the longer survival 
time. If the insects that had the longer survival times lived longer 
because the injected poison was diluted more by a larger blood volume, 
and if this was the sole difference between the two groups of insects, 
then both c, and p should have higher values for the insects that lived 
longer. But, as shown, such is not the case. Although the two groups 
of insects may differ as regards blood volume, it is apparent that other 
factors are also operative. 

The chemical constitution of the insect blood plasma, as well as 
certain other factors, may be expected to influence dissociation of the 
poison in the blood. It is reasonable to suppose that the combined 
influence of such factors would cause the insects having shorter and 
longer survival times to differ in the way in which the dissociation of 
the poison in the blood changes with a change in concentration. In 
other words, the combined effect of these factors would cause m to have 
different values for the two groups of insects. As shown in Table II, 
m has a higher value for the insects with the short than those with the 
longer survival times. As shown in figure 2, the curvature of the 
dissociation curve is greater for insects having short (curve S$) than 
for those having long (curve L) survival times. This means that the 
shift from molecular to ionic state that is associated with a fall in 
concentration was more gradual in the insects that lived longest. Thus, 
whereas the association of long survival time and higher c, value could 
be accounted for on the basis of the insects with the long survival times 
having a larger blood volume, the low values of p and m for these 
insects indicate that other factors must be acting in such a way as to 
depress dissociation of the poison at high dosages and to affect the rate 
of change of dissociation of the poison as concentration becomes less. 
These differences in p and m might reasonably be expected to result 
from differences in the composition of the plasma. 

The value of c, is extremely low for the insects that had the short 
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survival times and is much greater for the insects with the long survival 
times. This indicates that the latter were able to live for the longer 
time, either because they could detoxify or excrete a greater amount 
of the poison or because they possessed more vital tissue, or both. 


: n—-1 2 ae j 
As is to be expected, the — values indicate that the relative 


speed of toxic action is greater when survival time is shorter. 

Too much significance should not be attributed to the differences in 
the value of a. The tendency of a to be higher for the longer survival 
time, however, suggests that the mixing of the injected poison with 
the blood tends to be slower in the insects that have the longer survival 
times. 

Examination of the concentration-survival time curves for the 
insects that had shortest and those that had the longest survival times 
in the other experiments of the previous paper reveals that those data 
are also in agreement with this analysis. It is of interest that in all 
of the curves the inflection appeared more marked in the curves of the 
shortest than in those of the longest survival times. 


SUMMARY AND CONCLUSIONS 


Further analysis of the data in a previous paper (1) has led to certain 
indications of the reason why some cockroaches injected with a given 
dose of sodium metarsenite survived for short times, whereas other 
roaches injected with an equal dose of the poison survived longer. 
An interpretation of the results of this analysis indicates that such 
differences in survival times are associated with and may in part be 
caused by: 

(1) Differences in the electrolytic dissociation of the poison in the 
blood of the insects. These differences in dissociation may involve 
differences in (A) the degree of dissociation at high concentrations, 
(B) the rate of change of degree of dissociation with change of con- 
centration, and (C) the concentration at which complete dissociation 
is attained. 

(2) Differences in the capacity of the insect to render ineffective 
some of the poison that it received, differences in quantity of vital 
tissues, or differences in both. 

It is suggested that among the physiological factors that may 
be involved in (1) are blood volume and chemical composition of the 
plasma and in (2) are processes of detoxification and excretion. 

These results are also in accord with the idea that the mixing of the 
poison with and its distribution by the blood occur more slowly in 
those insects that have longer survival times. 
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The inflection appears to be more marked in the short than in the 
long survival-time curves. 
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CONTRIBUTIONS TO THE GENETICS, TAXONOMY, AND ECOLOGY OF 
DROSOPHILA PSEUDOOBSCURA AND ITS RELATIVES, by Tu. 
DospzHANSKY and Cart Ep.LinG. Carnegie Institution of Washington 
Publication 554; 183 pages, Washington, D. C., 1944. 

This important addition to the extensive literature of the genus Drosophila 
is made up of three articles: Taxonomy, Geographic Distribution, and Ecology 
of Drosophila pseudoobscura and Its Relatives by both authors, Chromosomal 
Races in Drosophila pseudoobscura and Drosophila persimilis by DR. DoBZHANSKY, 
and the Historical Background by Dr. EpLinG. 

The first of the three articles includes the description of Drosophila persimilis 
as a new species, including the usual description of morphology and in addition the 
chromosomal peculiarities which the authors use as the ultimate basis of dis- 
tinction. The reviewer is impelled to reiterate here an omission which he has 
previously stated regarding such descriptions, viz., that type material is not 
designated. The authors state their attitude on the nature and recognition of 
species fully, and certainly no taxonomist will disagree with them that the methods 
of taxonomy change nor that they must differ in various groups. They err 
seriously in stating that nomenclature has been devised primarily for the purpose 
of labelling specimens. Undoubtedly that is one end, possibly the only end for 
many collectors, but certainly the real purpose is to distinguish the many kinds of 
living things and to furnish a dependable medium for the exchange of information 
concerning them. Just as the discovery of genitalic differences in closely related 
species was a milestone in systematic entomology, so the recognition of chromo- 
somal differences may take its place as an important discovery. But whatever 
the basis of a species, the material on which it is founded should be preserved and 
its location should be made known for the benefit of future generations of scientists. 
The great care expended in the safeguarding of type material has not been merely 
part of a fascinating game but a procedure whose value is known through sad 
experience. 

The remainder of the first article is of interest both to geneticists and 
ecologists, while the second article presents very interesting problems in the 
bearing of cytological distinctions on questions usually treated by the taxonomist. 
This latter study should be read by all systematists who are concerned with the 
deeper significance of their subject in the origin and continuing evolution of 
taxonomic categories. 

The third article is not historical in the true sense of the word, but deals with 
the geographic distribution of different gene arrangements in the species discussed 
and their probable phylogeny. Although such studies, whether based upon 
macroscopic characters or upon cytological minutiae, involve a considerable 
element of speculation, they are an important contribution to our understanding 
of evolutionary progress and possibly of evolutionary processes. This aspect of 
the writers’ work appeals to the reviewer as one of the most promising contacts 
between genetics and evolution. Possibly, in time, Dr. Epling’s phylads may 
lead us to the actual making of species. Possibly, too, these species may be of 
the traditional kind, as well as those which differ only in genetic constitution. 

Meanwhile both evolutionists and taxonomists should recognize that this 
contribution, even though it deals with Drosophila, is as important to them as to 
geneticists.—A. W. L. 
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CONTRIBUICAO AO CONHECIMENTO DO GENERO SALYAVATA, 
(HEMIPTERA: REDUVIIDAE), by PrtrerR WyGopzinsky. 27 pages, 
including 13 of figures. 1943. Bulletin No. 6. 

ALGUNS TIPOS DE GENEROS DA ORDEM LEPIDOPTERA. QUINTA 
NOTA: HETEROCERA, FAM. HEMILEUCIDAE, by R. FERREIRA 
D'ALMEIDA. 10 pages. 1943. Bulletin No. 7, 

PARADAEMONIA RUSCHII NOVA ESPECIE (LEPIDOPTERA, ARSENU- 
RINAE), by Jose Orticica Fitno. 15 pages, including 9 of figures. 1943. 
Bulletin No. 8. 

ALGUNS TIPOS DE GENEROS DA ORDEM LEPIDOPTERA. QUARTA 
NOTA: HETEROCERA, FAM. MIMALLONIDAE, by R. FERREIRA 
D’ALMEIDA. 6 pages. Bulletin No. 10. 

ADELOCEPHALINAE DA COLECAO JULIUS ARP, by LAuro TRAVAssos 
and EpuARDO May. 22 pages, 2 plates. 1943. Bulletin No. 11 

NOTA SOBRE DYSDAEMONIA TIMUR WEYMER (ms.) IN FASSL, 1915. 
(LEPIDOPTERA, ARSENURINAE.), by Jose Orricica Fitno. 12 pages, 
including 5 of figures. 1944. Bulletin No. 14. 

SOBRE A ESPECIE CALLIONIMA (1) PAN (CRAMER, 1779) (LEPID- 
OPTERA, SPHINGIDAE), by Jose O1ricica FiILHo. 29 pages, 10 figures. 
1944. Bulletin No. 21. 

ALGUMAS ARANHAS DA REGIAO AMAZONICA, by Canpipo DE MELLOo- 
LEITAO. 12 pages. 1944. Bulletin No. 25. 

ESTUDOS SOBRE AUTOMERINAE (LEPIDOPTERA). ESTUDO N., 1 
SOBRE O. TIPO DO GENERO GAMELIA HUBNER, (1819), by Jose 
Orticica FitHo. 18 pages, including 5 of figures. 1944. Bulletin No 26 

NOTA SUPLEMENTAR A “‘REVISAO DO GENERO PHOEBIS HUEBNER,” 
by R. FERREIRA D'ALMEIDA. 16 pages. 1944. Bulletin No. 27. 

VICTORWITHIUS MONOPLACOPHORUS N. GEN., N. SP. DA SUB 
FAMILIA WITHIINAE CHAMBERLIN, 1931. (PSEUDOSCORPIONES: 
CHELIFERIDAE), by Jose LAcERDA DE ARAUJO FEIO. 7 pages, including 
3 of figures. 1944. Bulletin No. 28. 


The foregoing titles are those pertaining to Arthropoda in a lot recently 
received from the National Museum of Brazil at Rio de Janeiro, under the title 
Boletim do Museu Nacional, Nova Serie. These publications are among the best 
received from South America in general quality of paper, typography and 
illustrations; in all of these points they meet high standards of excellence. Judging 
by the range of titles, which extend to fishes, amphibians and birds among those 
not mentioned here, the staff of the Museum is making comprehensive progress in 
the study of the vast Brazilian fauna. Its findings should be valuable to tax- 
onomists of North America who struggle with the same problems. The bulletins 
listed include descriptions of some new genera and species, hence they will be 
needed by specialists in the several groups.—A. W. L. 


ENTOMA, A DIRECTORY OF INSECT AND PLANT PEST CONTROL, 
Sixth Edition, 320 pages. Edited by G. S. LANGrorD. Published by the 
Eastern Branch of the American Association of Economic Entomologists, 
College Park, Md., 1945. Price $1.00. 

Entoma is probably a familiar item to all entomologists engaged directly in 
economic work. To them and to the rest of our profession it cannot fail to be an 
exceedingly useful compendium of information on sources of supply of the many 
materials used in insect control. The treatment includes information on the 
nature and use of insecticides and fungicides with convenient dilution tables and 
conversion tables of weights and measures. Following this section poisons and 
accessory materials are listed alphabetically and under each the manufacturers 
producing it. The next section includes entomological supplies and equipment, 
treated in the same way. Several shorter lists include entomological services, 
motion pictures, organization of national and state agricultural departments and 
their divisions related to entomology, publications, societies, dealers, commercial 
insect control organizations, trademarked preparations and manufacturers. An 
index to the numerous advertisers completes the volume.—A. W. L. 
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and such papers as may be selected by the Editorial Board. 
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